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ABSTRACT 


The reductions of three hindered esters of differing 
steric environments by three radical anion reagents [sodium 
naphthalene (NaNp), sodium hexamethylphosphoramide (NaHMPA) 
and sodium trimesitylboron (NaTMB)] were investigated. 
Reduction with sodium naphthalene gave rise to some unique 
alkylation products wherein coupling had occurred at the 
B-position of the naphthyl moiety. Alkylation products were 
also opramedein, NanHMPA reductions. [he produce distribu- 
tion was found to be highly dependent on the type of radical 
AiPeOn@rccdmUcact Ol stincecanumcice presences Ola diprocon 
SUUEeCc meminicwOrder Ot "Teducing apmltty tor. these reagents 
was found to be NaHMPA >> NaNp >> NaTMB. Sodium tri- 
MesueyipoLromesiOwed proilise as a selective roducing, agent. 

Three new crystalline organoboranes have been prepared 
wdimesrty lporane, lithium dimesitylborohydride, and) tithium 
dimesitylborohydride bis(dimethoxyethane). The latter com- 
pound was shown to reduce the carbonyl function of cyclic 
ketones in quantitative yield, and with the highest stereo- 
selectivity recorded for organoborohydride reducing agents. 
Lithium dimesitylborohydride bis(dimethoxyethane) is a 
unique stable complex formed between two molecules of 
dimethoxyethane (DME) and lithium dimesitylborohydride. Its 


X-ray structure is recorded. 
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RADICAL ANION REDUCTIONS OF STERICALLY HINDERED ESTERS 


GENERAL INTRODUCTION 


Raaioear anions °+? 


are negatively charged species 
possessing an odd number of electrons which are usually 
easily generated by treating a neutral molecule with an 


alkaliemetals (can. 1) % 
AB + M ———» M [AB]: (1) 


Of particular interest in the present study is the 
GhemUscryveo@mebhreer dls tincteradiCalmantons wnamelye those 
Ola gindovinge trom naphthalene’ (Np), hexamethylphosphoramide” 


57 comp) . All three radical 


(HMPA) and trimesitylboron 
anions are generated in a similar manner - chemical reduc- 
Cionewt coed kaliemetcalSeinepOlareaprotitc solvents sucheas 
dioxane, tetrahydrofuran(THF) or dimethoxyethane (DME). 
Anhydrous and oxygen-free conditions are necessary both 
for the generation and maintenance of solutions of stable 
radical anions 

Historical lvesthGuradicaleantonsorenapntialencswas 


thesfirst of these three tombe discovered. In 01867, 


Berrnelotee: descriped the tormation of a black addition 
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Cobimmrodqeonqgtuitamnxed , (ui) *prolndsiqan movt galsentghee 
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-Subst [soimero - tonmeu islimie 5 at bsteases9 ote en0laa a 7 
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enolase Inoihey 
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product on fusing metallic potassium with naphthalene in 
Be OSCOMCUUCE Om ml 2 SoC let neand Bergmann’? observed 
a reaction between lithium and naphthalene in diethyl 
ether, but reported no detectable reaction with sodium 
UnCci msi tia ecOndht1On Ss. Omni lenis oa Guldbutedr tie 
PUCSaledi@underscanding Ot senesnaltuireroLeraatca teantonse 
Earlier work concerning the chemistry of sodium anthra- 
cene and*of ketyls in ether Seltketeonee led Schlenk to 
report his findings in terms which closely correspond 
to our modern notation of electron transfer processes 
involving carbanions, radicals and radical-ions. 

A solution of sodium in liquid ammonia was the first 
method reported to bring about the "addition" of sodium 
to naphthalene in poletionta] Tien iiele sO, ocCOLteand 
coworkers’ described what has since become the most common 
Methoderor ea. LS onrepanait On  anaMnelyaseinecpeClrlG eSOLVvencs 
Sucheaseaimethy! ethers on OME metallic sodium reacts with 
naphthalene rapidly, producing a dark green homogeneous 
solution. These workers also observed that addition of 
benzene to the green solution, followed by removal of the 
eLnerealusolvent sl Ca tOrasreversale Of athe neaGtl one 
sodium naphthalene was reconverted into naphthalene and 
sodium dust. 

The dark green solution of sodium naphthalene (also 
referred to as sodium naphthalenide) conducts sikeerenauethay™ 
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endsecxMibits an electron spin resonance(esr) spectrum, is 
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The esr signal shows hyperfine splitting due to inter- 
ecti0On Ob bhevunpaired electron spine with thes nue) car, 
Spins of the four a and four 6 hydrogens of naphtha- 
lester This confirms the presence of a radical anion 
sodium salt with the odd electron delocalized about the 


naphthalene molecule, thus: 


v oe 
+ + . 
Na Na ——s 
— CC) — « 


Reduction thus gives a stable species which can be 


reconverted to naphthalene by oxidation. 

Seoaine’ alsownoted thats thesreactivons of ssodqium 
naphthalene could be divided into two classes. Using 
hisaterminolosy,wthe classesewerems Li etnoseurcactions 
in which naphthalene is recovered unchanged - such as 
tChepreactions,with mMencury.. Oxycen on benzy. echilorade; 
and, (2) those reactions where naphthalene is reduced 
tosdanydronaphthalenesorertSsderivativesm— citing 
reactions with water or organic compounds containing 
active Nydrogens, eug. acetylene or) alcohols. 


In present-day terms, the first class are called 
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electrons transter processes as 1liustrated (equ. 2)) for 


the reaction with molecular oxygen. The second, and most 


6O)-.—- GO. « 


characteristic reactions of radical anions,.are now termed 


PDLOCON atl Om Orme NUcleCODNilicC wEreaclions alae metnemrad1 call 


anions act as bases. An example is the quenching of 


sodium naphthalene with Kees techs She 


H H 
CO r ila) + 2 NaOH (3) 
HH 


Some reactions, for example, the reduction of organic 


na ladese by: thesnaphthadene madicad OT ues encompass 


both types of classes, (Scheme I - the cation is omitted 


for convenience). 
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Scheme I 


irs eual icy ec peLedculvity sn ssOdtuMenannhthateneunas 
been the subject of numerous recent studies.1/.41,42 
Banks and coworkers!’>41! have SUgC es CCC mt cGm Lieme x ton tacit: 
Slectronmtegamstervand Proton absteraCtilom aremculcti1ons Or 
Chess calerOmeLon-palringed letlemsOlVventmsys temmused, 
Kinetic studies have shown that for electron transfer from 
SOdiumemapnthalenc tO Napnthalene, =thesreactivityeoracr 1S 
Mpree loose! > contact —i0n. pairs(>, whereas for 


Digtomeenanisren to ssodium naphthalene by water "the "order 
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sodium naphthalene in ether solvents by Weissman and 
Atherton** have indicated that the sodium ion is in 
rather close proximity to the naphthenide framework 
(contact-ion pair) in THF. With DME as solvent, however; 
they "exist ‘as! solvent “separated or loose fon "pairs? Heats 
and entropies of dissociation carried out on the same 


systems by Szwarc and coworkers*> 


confirmed these findings. 
Thus, in the reaction of sodium naphthalene with a 
substrate which offers the possibility of both the elec- 
tron transfer and the nucleophilic pathway, such as phenyl- 
acetonitrile) it has been shown that the product distribu- 
tion can be varied by as much as 45% by varying the solvents 
from THF-diethyl ether (50:50) to THF-tetraglyme Giese 


546-53 


Hexamethylphosphoramide (HMPA), also called 


tris(dimethylamino)phosphine oxide, is a polar aprotic 


solvent which dissolves alkali metals slowly? Lomoave 
- F 5 
blue paramagnetic solutions”! a. UD CO me Metie tem mncwd bs 
Geq..4). 
CH 
ues 
aN 
+ = 
3° N—P=0 + Na —#—\—> Na [HMPA]: (4) 
H3C / 
CHz 


No other aprotic solvent demonstrates this ability. These 


solutions decompose after several hours with a loss of para- 


SZ 
magnetism, accompanied by a change of colour (blue to red). 
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However, the stability of these NaHMPA solutions can be 
markedly enhanced by the addition of various cosolvents 


49,55. THE is a particularly convenient one. See 


The esr spectrum of HMPA* ee aN oR | independent 


Om tneecatroneused » Consists on a sing cesharperinesat 

g = Pe 00222 2h identical with the value for that of sodium 
in liquid ammonia. This single line esr spectrum has 
been interpreted in two ways. #(a)°'as being due toa solu- 
tion of phosphoryl radical anions undergoing rapid elec- 
erowetransrer, “or (b) “due “to. ’4a solutionuor solvated relec— 
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radical anion which slowly disproportionates to a dianion 


CLecmcolon more Mixture no © anions??*9 Cedi o ealide OF)? 


2 [Re P= O |= PR PHO iRzP-0 (55 
Rz P-O a N(CHz) 5 fy aR G0 (6) 
where R = N(CHz) 5 


Dimethylamine is isolated after hydrolysis of the 'dianion" 
SoOLUtIONSE ) Suminanly ealkylation leads Sromune = icotacion 
of alkylphosphoramides and the alkyldimethylamine. 

Other authors have interpreted the esr spectrum 
differently and believe NaHMPA to be a solution of solvated 
electrons similar to solutions of alkali metals in liquid 

Al eee ee 
ammonia. 


HMPA has an exceptional ability to strongly coordinate 
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with cations (owing to the easy steric accessibility of 
the 0°). Thus, the reactivity of an anion dissolved in 
HMPA is markedly enhanced and furthermore it exists as a 
eel anion.’ Since: itree’s radicaleanionse tayour 
electron transfer processes. over those. of protonation, 
ii. is teasonabilesto, expect. that, electronat ransier 
processes should be preferred in NaHMPA. 

The third radical anion studied was sodium tri- 
mesitylboron (NaTMB). The reaction of triarylboron 
reagents with alkali metals in ethereal solvents may 
procecdjwithethe transtereot cithersoneyor, twos electrons 
fost oOrmecoloured salts. These, reagents, were,»first 


Studied by Krause and coworkers .°9»°9 


However, TMB 
represemtsudsunigue e€xamplesin\ thaseclass* 
: 60 
TMB was first prepared by Dodson , and soon after, 


it was reported to react readily with sodium in THF, 


forming a dark blue solution of the mono sodium radical 


anJony Na* TMB?! (eq.eiJi.0 Bhesesblucssolutions are 
CHz Che ss 
Na + B Cts) | | | CH; ] | = NaTMB 
CH 3 3 
3 CH, (7) 


stable for extended periods of time’, andere nermore 
the bulky mesityl group serves to impede dimerization of | 


the radical anion as well as to inhibit formation of 


6,61 


quaternary boron compounds or rapid reaction with 
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protire substances.°°> 


The esr spectra of Na TMB*, K TMB;,and the TMB- 
solution obtained by electrolytic reduction in ethereal 


61 , 
+ Roe as was that of Na TMB- 


SCIvencss were alr=iaentica t 
in liquid ammonia.°* All spectra indicated that there 
Was "nhO metal coupliny. sthuse the=metaly10n 1Ss*notein 
Contact, with the IMB * (1Ter, the IMb="1say tree sions 
The geometry of NaTMB also plays an important role 
in its chemistry. Griffin and van Willigen interpreted 
their esr data for Na TMB* as reflecting the fact that 
steric hindrance between the ortho-methyl groups causes 
a significant nonplanarity of the mesityl rings, which 
LeSu mes winwetPreelive siiclaingso1 sthe pOsMLion OL nagnest 


61 This 


charge density (the boron atom) in Na TMB*. 
mhibits “tight““ion pair formation. 

Asa result, Na*TMB-, like Na HMPA, would be anti- 
Smpacedmlonddsplay =a) preference =10resel ec LEunatransten 
fooler munalie NrOcOlattOn sDLOeesseS seem act,mDCCAUSc 
of the remarkable stability towards decomposition of the 
Na*TMB: and its slow reaction with protic substances, the 
radical®anion*ot TMB could*be expected™to undergo electron 
PranSecrepr10Ccesses Olly. 

Not only may relatively stable radical anions be formed 
by chemical reduction, but also by electrolytic and photo- 
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iy ticeme thods:. The parent molecule must possess a 


sufficiently low-lying empty orbital for acceptance of 
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the odd electron. In addition to numerous aromatic 


hydrocarbons! >2>11,69-71 


5,55,56,65,67 


and compounds containing phos- 


phorus : boron? ?°1 +62 cit icon®> > 97 568. 


OT 71 


SA ALS eae 
Mens or transition metals , there. are 


nitrogen 
various additional classes of compounds which exhibit 
this capability of accepting an electron and forming a 
radical anion. These include unsaturated compounds con- 


taining conjugated bonds and electron withdrawing groups 


such as tetracyanoethylene”’, tetraphenylethylene!!>/2, 


‘ail ps 65,71,74 


aryl ketones’, enones’”, diones Saas aie 


triones 


: 65-6 
azo compounds®?, nitro compounds ie Gndsne Gerocycles 


LE 


Radicaljan?ron solutions are ivery reactive towards 


a wide variety of substances, such as water 17 4e0y 


81-83 84 85 
> > 


carbon monoxide ~, 
88,89 
> 


oxygen’, hydrogen 
55.0, 56 


nutzogen 


Pete | er tae 
carbon dioxide Sul piured1Oxid cus ee SOprLenc 


19-38 39,40,90 5,91 


alkyl and aryl and 


SaSeSS e506. 


halides, ethers 
many other "electrophilic" organic compounds. 
O54 2102» 

The versatility of these reagents as electron trans- 
ferereacentsS and as tools forvorzanic synthesis as evident 
by the many transformations which they can accomplish. 


Some representative reactions are shown below: 
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(1) Cleavage of sulphonamides to amines.24»95 


NaNp 
CH SOA ee Th es SOs 
° eo IME OGRItE 2 3 2 


25) Cele O05 (8) 
(2) Reductive dehalogenation of a-haloketones. > 
0 
DME, O° ee 2 
(9) 


a 


i) NAVa Re NaNp, 50% 
b) NaTMB, 100% 


(3)> Reductive cyclization of unsaturated ketones 
(enones, ynones and allenic ketones) .° 


OH H 
O ; ied en = 
VA Na Biphenyl ; ; 
errr 
DME, HO (trace) 
els 728 208 


oe (11) 
Bey ABE awe, sane 


7% 


Cyclization LO tUScdmtineesy StciicavldedcylOin= 


(4) 
100,101 


type condensations. 


O ase ee 
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NaNp, “NaNp, THE 
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(5) Reduction of a,B-unsaturated ketones, 03,102 


_NaTMB 
(13) 
; “DME, RT RT 


95% (70/30:t/c) 


el EMP sak 
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(6) Alkylation reactions. 


Le eee Ne Ne LiHMPA,25°C 
CH> CH(CH,) 4CH 
5 a Br (CH, )4 Br 


(15) 
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THE REACTION OF SODIUM NAPHTHALENE, SODIUM 
HEXAMETHYLPHOSPHORAMIDE AND SODIUM 


TREMES TT WGBORONSWLIW. STERTCALLY: HINDERED ESTERS 


INTRODUCTION 


In 1958, Wenkert and Jackson!95 


reported a method 
for *thesreduct ive shydro lysis of Windered festtensmbyetreat- 
ment with lithium in liquid ammonia. This method was 
also recommended as a diagnostic tool for differentiating 
between axial and equatorial esters in rigidly held ring 
systems, urthesless sterically hindered tequatorval@esters 
were reduced to alcohols (eq. 16), whereas the axial 


epimers underwent reductive hydrolysis to the corresponding 


acids #réqr ely 


CH Bike 
3 
CH, 28 
Li (16) 
NH. 
COOCH, CH,0H 
CH CH 
3 3 
COOCH3 EOOH 
Li es 
NH 


100 


Then, in 1963, Gutsche and Tao showed that the keto 
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ester, methyl 6-(2-ketocycloheptane) propionate, could be 
cyclized to 7-hydroxy-8-ketobicyclo [5.3.0] decane by 
treatment with a THF solution of sodium naphthalene 
(eq. 12). These observations led to the expectation 
that electron transfer from a radical anion to a hindered 
esittercwouldibesa faciles process, 

Furthermore, at the commencement of this work only 
a few methods were available to effect reduction of 
sterically hindered esters. These involved reagents 
suchsas tathiumpiodidesin refluxing’ pyridine, 2,6- 
lutidine, or 2,4,6-collidine potassium tert-butoxide 


in dimethylsulfoxide ancien and lithium iodide or 


106. Some of 


bromide in hot dimethylformamide (DMF) 
Chesesreaccion=conditionsy azcerather drastic. 

During and~since the completion of the work done 
inetitSetiesi Scovel yeneWwamMecnOdsetOtesUcheneductions 
Pe Pause aliecavineg  vaeldseereater ethan s00weCrmaciu, 
have been described. 


Bartlett and Johnson employed lithium n-propyl 


Mercaptide in eHMPA tO cleavesmethyleesters unders mild 


conditions (eq. sep The reaction proceeded readily 
in nPrS“Lit (4-6 equiv.) Ae 
SSE SOGIR Serercep ernest rore ememnemreceny permerernae!s Jets AOe A) i (18) 
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at room temperature, and the products were isolated in 
quantitative yields. Moreover, the reagent is compatible 
with the presence of acid-or base-sensitive function- 
alitiese 

The use of boron trichloride (4 equiv.) in methy- 


108 oe 


lene chloride at 0°C has also been described 
tiag purpose. The third, and most general method, which 
can also be applied to non-hindered esters, uses.1,5- 
ClazabDicyvclos |o.4 Ul eundecenc 58 (DBU )minwo-xylenesat 


T09 


Ter Mixeecemperaturess(eq..19) Ne MeMIKeks) (one eleibsl “kee 


the latter two methods are Simi agendas. 00 4), 


2 DEUMELOMeauiy.)) // 
R-C-OCH, ee R=C-0H (259!) 
Ge xveLene 
90-100% 


The sterically hindered esters chosen for the 
presente study were methy ldehydroabictate (la)> an equa- 
tonialmester. metnyl O-methylpodocarpate (Z)h angaxial 
ester, and methyl mesitoate (3a), a hindered aromatic 
ester. These same model systems were employed in the 
Wenkert study and it was thus possible to make a com- 
parison between the results of the two methods. 

It was also hoped that by investigating this 
Teaculonewith ae Vvablety, Oteradica | anions.) somesunde Ge 
standing of the nature and use of these reagents in 


synthetic organic chemistry could be gained. 
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R= COOCH; 
R= CH70H 

R= COOH 

R= CONHCHs 
R= CON(CH;), 


CH3 


a ad, R= CO,CHz 
Re Ge gala 
c, R= COOH 
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RESULTS AND DISCUSSION 


Wenkert reported that treatment of methyl podocarpate 
(4b) with lithium in liquid ammonia led to a 62% yield of 


podocarpiceacid. (44) — Ihisehydrolysis, «a. reductive 


ne 


R= COOH, Y= OH 

R=sCOUGH soe 1 —-—0H 

COU SAY aah 

COOCHz, Y= H 

CH,0H, Y= H 

R=7 COOH Y= s0cH 

Ree COCCI Tee UGH 
CHOH-naphthyl, Y= OCH; 
, R= CH,-naphthyl, Y= OCH, 
> R= CONHCH, > Y= OCH-z 
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process, was formalized by Wenkert in the following way 


(Scheme II): 
Scheme II 
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Phas ability; to. form the acid rather than the alcohol 
Nas been interpreted as being due to resistance of the 
axially trigonal carbonyl carbon atom to expand to the 
more sterically demanding tetrahedral state. While the 
Fate jot, theamethyts function, had.mot, been ascertainedse it 
was suggested that most probably the group was reduced 
to methane or ethane. 

While this reaction appeared to be useful as an easy 
MEALS MO tehyarolyZ ing aheehly sterically hinderedsecters , 
istelsOssuccested itself asa diaonostic tool for dit— 
ferentiating between axial and equatorial carbonyl groups 
Diet oaky sheld ing systems. stenseot, licss sterically 
handered acids are expected to be reduced to the corres- 
ponding alcohol, whereas hindered esters should undergo 
reduc tame whydrolysis, to wahe acid: (see .6q silo andmal/.). 

Three esters studied by Wenkert gave results which 
supported this hypothesis. 

Methyl desoxypodocarpate (4d), an axial ester, on 
treatment with metal-ammonia solutions, gave a 77% yield 
of. the, acid; (4c), and a. 23% yield of »the. alcohol (4e). 
However, methyl dehydroabietate (la), an equatorial ester, 
afforded 3% dehydroabietic acid (1c) and 62% dehydro- 
abietinol(1b). The sterically hindered aromatic ester, 
methyl rere (3a), was reduced exclusively to the 
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Reactions with Sodium Naphthalene 


Uul inithalsattenpts to study the feasibiluty of 
employing a radical anion solution for ester reductions 
were carried out with sodium naphthalene (NaNp) in THF 
at room temperature on methyl-O-methyl podocarpate (4g) 
as substrate. : 

Preliminary experiments showed that at least two 
molar equivalents of NaNp were necessary for complete 
Utilize tiongo, thevester.s Also, inverse agditione(i.e.., 
additaon Wdethe radical “anion* solution tom solution of 
thevester) gave the same yield oftvacad’ as fdid normal 
addition. 

When one equivalent of axial ester, 4g, in THF was 
added@(l0<manutes) to 2.3 equivalents of NaNp in THES two 
solids were obtained as the major products. Acid 4f was 
produced in 34% yield and the other product (24% yield) 
was alcohol 4h, derived from alkylation of the ester by 
the naphthalene moiety. Furthermore, when the reaction 
was repeated with a large excess of NaNp (6.6 equiv.), 
the sancounteotpalky.atilon, products increased. = Corres= 
pondingly, the yields of products 4f and 4h decreased 
(17% and 16%, respectively), and a third compound, 4i, 


was isolated as the major product in 54% yield (see Table 


T,sentries d-=4).. 
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Compound 4h was assigned structure 5, that of 
O-methylpodocarpyl 2-naphthyl carbinol on the basis of 
spectroscopic (nmr and mass spectra) and chemical studies 


(oxidation to the corresponding ketone). 


OCH 


5 


In 


The nmr spectrum (pyridine-ds, 100 MHz) of 5 
exhibited the following absorptions: “a sharp singlet for 
3 protons at $61.07 (-CHz on C,), a sharp singlet for 3 
PO COlsed usc ls.o0 #(-CH7 on Cio), a multiplet from Ont) CO 
Za SeecOl Vieadlapiactic provons, a Sildrp esis letetO Gad 
protons at 63.66 (Ar-OCHz), a doublet for 1 proton 
(J=2Hz) at 65.72 (-CHOH-) which collapsed to a singlet 


on D70 exchange, and a broad’ singlet for one proton 


2 to (st OCf .gh-ontbizyg) mepiseqe amo 
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Sy 


located at 66.42 (-OH), which exchanged with D,0. Since 
the hydroxyl proton is coupled to the one absorbing at 
65.72, the hydroxyl group must be in a relatively fixed 
position. Absorption for the phenyl ring of the podo- 
carpyl skeleton appeared at 66.80 (3H,m). The seven 

Hap ciyWeproconseabsorbed atud7. 40 Gol, m)eu 7. oo toHem) 
adic) Om Gl Has) 

The proton at C-1 inevamdous 2-substituted naphtha- 
Fenes> appears as a sharp singlet and is readily identified. 
In addition, the shifts induced on the C-1 hydrogen due 
COmdesuUDSELTUent at genem2 pos) ClOnesUunencre ads nm tieir 


LAD 


PoCUOruUGde1Ol. Gheretore,  thesnmrmespect rumyotes, 


indicates that the linkage of the naphthalene iene is 
atether2-posation. 

Mass measurements of 5 gave a molecular ion of 
A00R2S94(caicd tor C>gHz70>:400.2402). The mass spectra 
of the starting ester, 4g, and the product alcohol, 5, 
showed major dneasches tars in their respective fragmentation 
patterns and each possessed different base peaks (227 and 
161, respectively). Compound 4g displayed the typical 
fragmentation of a podocarp-8,11,13-triene deniva- 
tive possessing oxygenation in the saturated part of the 


molecule. +t1-115 Ineconmtrast s1lltilalerragmentatlonear 
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oxygenation in the saturated part of the motecures arp t14 


Collins oxidation?! o¢ ooVed* tot heticouresponding 


ketone, 6, ir: 1670 cmt (conjugated >C=0), the struc- 
ture of which was confirmed by additional spectroscopic 


data (nmr and mass spectrum). The mass measurement 


OCH3z 


| O 


was 398.2258 (calcd for C4 9Hz90,:398.2246) and the frag- 
mentation pattern of 6 was similar to that of 5, and 
gave the same base peak (m/e 161). 

The nmr spectrum (CDC1z, 100 MHz) of 6 showed 
absorptions similar to those; of. the,O-methylpodocarpyl 
skeleton absorptions in > (see Experimental). The nmr 
spectrum showed absorptions for the seven naphthyl protons 
Pom no (GH) O07 OOn (2H, ljem oO Om LH, dys) oemtiZ Japa 
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These results are in accord with observations by 
Martin and coworkers, who measured the nmr spectra of 


deawanid. 2 = acetylnaphthalenes!1® Gi- and. 8). 


ye 


Hy 7 
© : @oe 

Hz 
7 8 


Hg 


IeAcetyinaphtha lene, ./ i showed, two well separated, reso- 
NauGes LOnethe wnaphthy,) me Oeene ike) (Blokes eemereP Yonk Ibotae 
The hydrogen at C-8 (Hg) appeared as a multiplet at 68.76. 
Boma -ocetyingphena lene thes hydrogens 2G. la(H a jeand 
C-3 (Hz) appeared as a singlet at 68.42 and a doublet at 
eso04 erespedtively.,«downtield from ythe remaining five 
protons which were further Separated into two multiplets 
atmo eo ONAN oo Sein ther intensity atom ue. ee dS 
latter spectrum is in agreement with our observations 
Pome ketones 0, 

Measurement of the nmr spectrum in the presence of 
the shift reagent [Eu(fod),] provided additional support 


forethe 6-linkage’ assigned to 6. [he observed chemical 


shifts of the protons Hy, and Hz of the naphthalene ring 
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decrease with increasing distance of the respective nuclei 


from the bonding Sees 


of the=[Eu sr 0=C}}—conpirex 
the assignment of the position of attachment , of the car- 
bonyl to the naphthyl moiety can be made by comparing the 
changes in chemical shifts (Aé). In the presence of 
[Eu(fod)z], protons H, and Hz were shifted downfield by 
the same magnitude and appeared as a singlet (Hj) at 
SLOUSEaS. a dOUDLG@ a (eye at ee eZ respectively, 
Hadwthe bonding been to¥the a-position (sée structure 7), 
the absorptions due to H, and Hg would be expected to 
undergo chemical shifts of different magnitudes and, 
furthermore, both would have appeared as multiplets down- 
fields [his provides support fom the 8-linkagesassipied. 
Compound 4i, the major product of the reaction of 4g 


with 6.6 equiv. of NaNp, was assigned structure 9. Mass 
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Chemical Shifts? for O-Methylpodocarpyl 2-Naphthyl Ketone 


c> 
Ho O 
He H. 
H. Hy 

2h Hs 
Normal 8.05 7.89 
Eu (fod). 10.09 9.93 
A 6 704 2.04 


(a) Given in 6 units, measured at 100 MHz in CDC1,. 


(OJme Cal O.o equivalents, Ol, Sillrt Tedgent. 


Ba 


measurement revealed a molecular weight of 384.2444 
(calcd for CygHz70:384.2453). The nmr spectrum (CDClz, 
100 MHz) showed, for the 7 naphthyl protons, absorption 
as a doublet of doublets for one proton (Hz) at oo, oe as 
eemulerplet for two protons at 0/77) end as aomul tio let 
Orme UIeproconscpat o7.41:° in pyridine-d- as solvent, the 
naphthyl protons appeared as a doublet (J=8Hz) for one 
DEOCOmm a \eebtr Od 4 eds id) Milt ipl etry stwo spLOLon seeds 
Vico Odedsamultaplet. tor four protons dite 5 Un emane 
observed doublet is indicative of the 8-linkage (a down- 
field multipiet would havetbeens observed if the linkage 
had been to the Peete onyn 

AltkylataonfpRoducts arising from reactions for 
organic halides with sodium naphthalene have been reported 


spire OD EE 


Dute theaMmajOrity Omethesocmare 
OLsamutieterens type than those observedsheres ssually ; 
1,4-dihydronaphthalene derivatives (10) result, wherein 


the naphthalene ring has been monoalkylated at the 


R H 
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where R 


R' = H 


RH 
10 


a-poSition, or dialkylated at positions 1 and iy es 
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CxcepelOlelsetne reaction OLeary | halides??? *9 which give 
at most 2 to 4% of a- and 8- arylated naphthalenes in an 


approximately eelatlO. TesUucine et Olea ly let acebed Le 


radical anion coupling.?° 


56) 


Sargent and Lux~~, as well as Garst and coworkers” 


> 


have postulated the following mechanism for the formation 


Ofesmtuctures such aswii(Scheme PLLA andehnave also noted 


that the yields and ratios of products were wholly 


Imisensitive sto the presence of excess naphthalene. °° 
Scheme III 
row é athe Fed si ‘ if ’ ©@® 
RH 
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The observation in the present study of 8-alkylation 
ise tat Weast tormatly) the result vot a) coupling process 
between the 8-position of the naphthalenide species with 


themaryi@carbom om the ester functvon (eq. 20)™ 


O 
= H | 


“OCH. (20) 


Temp Lod Gt eO1sSUChMmamhcaCLUONe WOUlCmDCeind tala 
aeketone 2 which upon further reduction would give rise 
COM OSC HCmpCnZylicaalCOnol Sim latmovSer Mati Ons nave 
been made in related systems. For example, Hall and 
COWOrxeussnave reporteauthe reducttongot da liKy leary 
Ketones. sAr-CGO-R} tosbenzylic alcohols, "and  thencesto 


119 There 


hydrocarbons using lithium in liquid ammonia. 
is thus precedence for the reduction products observed 
in the present study. 
Pupther ditficulties were encountered when) the reac- 
tion was extended to the remaining two hindered esters. 
With the equatorial ester, methyl dehydroabietate 
(la), and 2.8 equiv. of sodium naphthalene (see Tabiewml® 
ehineins toy Tenihy He Gs Gsltelloh ie, elie eke Wah, Ic, was realized: 


The neutral fraction (remaining 95% of the products) 


proved to be (by tic) a mixture of at) least six compounds. 
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Owing to the complexity of the mixture, these products 
could not be successfully separated or identified. How- 
ever, the mixture was shown not to contain the starting 
ester, the alcohol (1b), nor any naphthalene alkylated 
BLOduUuc.Gs . 
The sterically hindered aromatic ester methyl 

mes Ltoate (3a) preacted .with 12.0 -equiy,..-o£)sodiuminaphthai- 
lene eisece lable ply .entry afi) .tO.goi\e anit, additaon at oathne 
acid voc, (Sa), two coupling-type products. Mesitil (11) 


andsmesitOue( il 2)) were isolated ming s4eandslo7eyvields, 


11 12 
respectively. At least two other neutral compounds were 
alsoutLornmed which could not besaden tana ed. 

The presence of mesitoin suggested that it may arise 
£7om,.ovVier reduction, of mesitidl.«» Lor test thiswposs iba ity , 
benzil was employed in the reaction rather than mesitil 
due. to, the limited amount of.mesitil, available. Treatment 
of benzil with two equivalents of NaNp gave benzoin in 
>75% yield. This experiment thus offered the possibility 


that mesitoin could result from over-reduction of mesitil. 
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Reactions with Sodium Hexamethylphosphoramide 


Several studies have been reported involving the use 
of sodium-HMPA as a reducing agent. Whitesides and Ehmann 
reported the reduction of olefins using sodium-HMPA-t-butyl 
aC hORe ian This reducing mixture provided a convenient 
and general method for reducing carbon-carbon double bonds. 


Even tetraalkyl substituted olefins were saturated with 


GaSe Le duarls)t 


NaHMPA 
t-Bu0H 


(21) 


Od % lranses tecas 


House and coworkers have studied the reduction of 
enones with sodium-HMPA both in the presence and absence 
of a proton source (H70, D,0, MeOH, and t-BuOH).°2°6 
Redact1oneecondme1onsewere Varacd Substantial lyg(1.c.. tne 
amount of sodium used, the amount of proton donor, the 
reaction temperature, the time, and the order of mixing), 
in an effort to determine how these parameters would affect 


the yields and ratio of products formed. Also, it was 


noted that the use of THF as a cosolvent markedly enhanced 
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the stability of the sodium-HMPA solution. As a result, 
most reactions were run in a 2:1 HMPA-THF solvent system. 
These blue Na-HMPA-THF solutions were stable for periods 
of one hour or more at O°C after the addition of Lec ideat y; 
alGohols such as t-BuOH. 

It was thus of interest to explore the sodium HMPA 
system for the reduction of the hindered esters to make 
a comparison with those results obtained previously with 
sodium naphthalene. 

When a solution of methyl-O-methyl-podocarpate (4g) 
Wasmadded slowly to Na-HMPA-THF (Table Ili entry 1), the 
reaction was exothermic and a gas was evolved. A mixture 
Os: podocarpic acid (4a) and the podocarpic jacid-HMPAUie dl 


complex (13) was isolated in ca 70% yield.* The complex, 


OH 


oe SLM PA 


* This yield was likely higher owing to loss of the water 
soluble complex to the aqueous extracts. Less than 7% 


of neutral products were obtained. 
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13, was isolated as colourless crystals, mp 154-156°C; 
mass spectrum, m/e, M 274. The mass spectrum exhibated 
fragmentation peaks which were essentially superimposable 
on those of the mass spectra of HMPA and podocarpic acid 
taken independently. 

Thus, both the ester and the ether linkages had been 
cleaved under these conditions with NaHMPA. 

The cleavage of ethers, Ar-O-R, by solutions of alkali 
metals in HMPA has been previously observed by Normant.+21 
Although dialkyl ethers are not cleaved, mixed alkyl aryl 
ands dianryi ethers give poenols and phenol -MMPA complexes, 
HOw exanple, phenetore Pires phenol (Z07,)" and 05%. 0£ 
phenol-HMPA upon reaction with potassium in umpa.221 
Thus, our observation of ether cleavage and formation of 
aneiMPAecomplex with PpOdOcalpic acid minds precedence in 
tiesrrench workers = studies. 

However, cleavage of the methyl ether could’ be pre- 
vented. When the reaction temperature was reduced to 0°C 
and ew trast addition rate was employed (lable# [rl entries 
2 and 3), O-methylpodocarpic acid (4f) was the major pro- 
“uct alone with a small amount of N-mechy f-O-inet hy i 
podocarpamide (4j) (eq. 22). No difficulties were encoun- 
tered with aoe Gorton complexes with the products of 


this reaction, and only the ester‘group was involved in 


thes veauctron. 
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When the reaction was repeated in the presence of 
t-butyl alcohol as a proton source, the ratio of 4f£:4j 
decreased (o.ca Sal. 

The structure proof of N-methyl-O-methylpodocarpamide 
(4j) was based on the following spectral data. The infra- 
red spectrum showed a sharp band at 3490 cml (amide-NH), 
and an amide carbonyl absorption at 1650 cmt, The, mole- 
cular weight was determined as 301.2038 (calcd for 
Cj 9H, 7NO,: 301.2043) by high-resolution mass spectroscopy. 
Leslie specurum exhibutedathescharacteristiceresonances 
observed for the O-methylpodocarpyl . system, and in addi- 
Ciomweshowedsa doublet s(J=5i7 ) at 07.8 Saaloh NoCh7esamd a 
broad singlet at 65.74 (1H,NH) which exchanged slowly with 
D50. 


The. reactions of the equatorialsester, methyl 
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dehydroabietate (la), gave similar results (Table III, 
entries 4 to 7). As the temperature and time for addition 
were decreased, the amount of acid formed increased with a 
resultant, decrease in amide, production. Entry 7 a1lus- 
trates the important effect of addition time. When the 
Na-HMPA-THE, solution was added quickly (15 sec.) to a 
solutaon of la at OaGe ce Uae Vicia otc) le was 
obtained. Difficulties were encountered in isolating 

this equatorial acid, (1c). Apparently, HMPA. forms. a 
stronger complex with the equatorial. acid than with the 
axa ls acid oa Dehydrocabietic acid (licji was isolated, by 

pool ting. out the ee exig acts. 

ingens ai (2b le. lil Sentry 6) i tewas tound that 
she,acad could be liberated from the dehydroabietic acid: 
HMPAwcomplex by acid exchange (1.6. by retluxing with ia 
Sia eomount wa acetic aCldsiik HP.) «8 Jiisetroed Cmen. 
SLiymeDlaced acetic acid tor dehydroabicticeacid since, 
as a stronger acid, HOAcC presumably forms a more stable 
complex with HMPA. 

The amide formed in the above reactions was identi- 
fied as N-methyldehydroabietamide (1d) on the basis of 
Spec turdl datas wie infrared) spectrum (CHC1z) exhibited 
absorptions for an amide NH (3490 Ses and an amide 


carbonyl (1650 cmt), The mass spectrum showed a molecular 
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1 One OL s Sl 3e(eal cd. 515) 41. Thes nmr spectrum (CDC1.) showed 
absorption for one hydrogen as a broad singlet at ca 65.87 
(NH) and absorption for three hydrogens as a doublet at 
Cer poiewi th J=5Hz(N-CH). Thesremaininge nmr absorstions 
were consistent with the dehydroabietyl skeleton (see 
Experimental). 

The formation of the monomethyl amide in these 
experiments was somewhat surprising. Solutions of NaHMPA 
reportedly undergo slow disproportionation to a mixture 


of swsWenS owe 


(eq. 6), one of which is the dimethylamine 
FI LOVmeeLL SCeMeurrcaSOnablestoOsexpectartnes dimethyl (le) 
Father Chan the monomethyl amide (ldjeas preduct.. lo 
acCOUnbeLOre tie  OrmationsoL stile nennennwal amide, two 
possible reaction sequences were investigated. 

To test whether it could derive directly from the 
cord anion )* lCawadse treated with= 2. leequiyoreNaiMPA— Tir 
(Table T1i@ entry 8). No amide was produced, and the vacid 
Waserecovered (100%)) as its Sodium Salt. | Wewthen) tested 
whether the N,N-dimethyl amide was an intermediate which 
could be converted to. the monomethyl amide ian ther:presence 
of NaHMPA radical anion. 

N,N-dimethyldehydroabietamide was prepared by converting 
dehydroabietic acid to the corresponding acid chloride using 


thionyl chloride (neat), followed by addition of dimethyl - 
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formamide (DMF) and refluxing the resulting solution 
Lizz 


(Cgc se? 5) swreccordine to the method ot Coppinger. 


1) soci, 
a 


2) DMF, i 


* COOH 


ThtSeisea simple and errective method of) preparine dimetny.- 
amides and avoids the use of the somewhat objectionable 
dimethylamine. 

When le was reacted with Na-HMPA-THF (0°C), the blue 
COlLGUIMOLELNCeradicCaleanliOl solution TadeGmimnealatenys 
Upon workup only two products were isolated, N-methyl- 
dehydroabietamide, and N,N-dimethyldehydroabietamide 
CLicmctancingemateridl) ine caeo02 50 'frald Orage NUS ative 
monomethyl amide (ld) could possibly arise by further 
Teactioneo: the eens amide (le) with NaHMPA. A plau- 
sible mechanism (analogousmto the Wenkert scheme) for 


Suchea process involves initivalgelectron transter to the 


tertiary amide, loss of a methyl group (either as an 
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anion or radical), followed by hydrolysis (eq. 24). 


CH : C 
| 3 e ° Bos - (°CHz) 
R-C-N aaa RECN i Te a, 
7 aN 

oO 0 0 

\ Tee He thie 
R. SaaS ———— R-C-N-CH, a a R-C-N 

CH; CH; 


(24) 

When the most favourable reaction conditions for reduc- 
tion of the resin esters were applied to methyl mesitoate 
oc pebotlmingtic: presence: andeabsenccesot)aapLotOnmsource: 
a complex mixture was obtained (see entries 10 and 11). 
ExaminauroneDystlesshowea ithe presence Olea twledstmesevcnl 
products in each reaction, but in varying amounts. Four 
of these were acid derivatives. The nmr spectrum (see 
Experimental) of the acidic mixture appeared to indicate 
thatwereduction of thelaromatic ring, hadsoccurredsand. that 
themmayouity of the acidic fraction) consisted OL agmix tune 


of epimeric acids possessing the dihydroaromatic skeleton 14. 


HC COOH 
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Thus, with the NaHMPA-THE yeducing Medium, diteiculs 
ties were encountered which mainly involved the physical 
Properties OtM*EMPA Atself.) This aprotic polar solvent has 
the ability to form very stable 1:1 complexes with carbox- 
ylic acids ane phenols.” Freeing athe) desired sproducts from 
complexing HMPA can be at times difficult. Furthermore, 
GULINGRWOLKUP procedures, Care must be exercised, to 
extract the aqueous layers extensively in order to avoid 
product loss in the form of water-soluble acid : HMPA 
(ietjmeonplexes (gable Dll, entyies if 4 and.0)y uasciy, 
like naphthalene, HMPA can partake in the reaction and act 
aso anuaa bky latino@agent : oeeven it was observed that the 
amount; of alkylation product (i1.e., amide’ formation) could 
De, controlled by varying the addition andijreaction times 
(Wabler Pils entries#4 to 7). 

Lmeconnection with) our studies onvreducttonyor the 
resin esters, nmr spectral data was collected for a number 
of new compounds which may constitute an important addition 
to the body of nmr data already available for such com- 
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ture problems in the chemistry of diterpenic substances. 
Tables 1Viand V summayize the chemical shifts of the 

Ge4eand C-10 methyl groupewobserved 1omthe various, podo- 


carpyl and dehydroabietyl derivatives used or isolated in 


this study. Large differences in the chemical shifts of 
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the methyl groups ( A& cr Cid were observed when the 
functional group was 8 at C-4 and particularly so when the 
naphthyl ring was involved (shielding effect of the ring 
current when positioned favourably over the C-10 methyl). 
When the functional groups were a at C-4 (dehydroabietyl 
series), the magnitude of the chemical shift differences 
were rather small. 

The investigation was then extended to include the 
sodium trimesitylboron radical anion as a reducing agent 


toward the same esters. 
Reduction with Sodium Trimesitylboron. 


Methyl mesitoate was employed as substrate for ini- 
tial anvestivation duegtomits failure, upon reductaon; with 
both wWaNp ands NalMPA to give clear results | ime wet kects 
Ofte Vamywing, theiratio Of reactants on the formaze1ongor 
DuCdueuss AGemorveln sin ables Vil sGsce sci tT lesen aLOn eee Ln 
the absence of the proton source, t-BuOH, three products 
were isolated - the acid (50%) and the two coupling-type 
products observed previously in reactions with NaNp, namely, 
Mestimi (55% eand mesitoin=(112))) [he formation vouwirhe 
latter products was eliminated when t-BuOH (added just 
Driorterthe adaition of the ester) was present iim the 


reducingesolution (lable Vi[ entries 2a a) eet Cure 
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results (80% yield of acid) were obtained when excess 
sodium and t-BuOH were employed (entry 3). 

Conditions incorporating the most favourable ratio 
of reactants were then applied to the equatorial resin 
ester, “la. tlheestarting lester, (76%eyteld)jimwas recovered 


along? withrezho obethe Corresponding Sacid), Mlicww ‘Theraxctal 
estetye eecid not react with NalMB under thesesconditions 
and was completely recovered unchanged. When the reaction 
Waserepeated*withtboth#*réesintesterswela vandedg eintthe 
ansencemou 0-butyl faleoioly sno @reduction eocurieat and 
both@starbing materials were recovered quantitatively. 
Thus Na TMB* reacts either extremely slowly with the: resin 
Seen dene “pales “he ec hal 2 

IMmeconeGLasd ON pmmcncurcact LONEOums lc Cd ll ysninde:cd 
esters with radical anions was shown to be a complex pro- 
cesses sin norcase was the corresponding alcohols of the 
types observed by Wenkert and Jackson ever obtained. Thus, 
themsradicea manionssinvestigated here dong Guappearesto 
Simulate the reactivity and selectivity displayed by metal 
in liquid ammonia solutions. Rather, some unexpected and 
novel products were obtained. 

Whereas NaHMPA proved to be a species of very high 
Teactivity. 11 contrast, tne suse of NalMBemay sshow ssome 
promise dss aurather selectivemelectron transier Teagent. 


Since the completion of this work, L. St-Laurent has 
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demonstrated tts use as..aw.selective electron transter 


3 NaTMB had the added 


Meaveicerore reauctive cyclTeations , 
advantages of not acting as an alkylating agent, or under- 
going no decomposition and of being totally recoverable. 
TNeCROR Cee teLeaGtivity bd 8, enedicine abit lLity jp towards 
these hindered esters thus appears to be NaHMPA >> NaNp 
>>. .NaTMB. 

Parameters such as temperature, mode of and time for 

a0dution, wtime for mixing. stoichiometry and the presence 
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product distribution, some most dramatically. 
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EXPERIMENTAL 
General Considerations 


Infrared (ir) spectra recorded using a Perkin-Elmer 
421 G or Unicam SP 200 Infrared Spectrophotometer. Ultra- 
violet (uv) spectra were determined using a Perkin-Elmer 
Model 202 Spectrophotometer. Nuclear magnetic resonance 
(nmr) spectra were recorded on a Varian A-60 or HR-100 
spectrometer. Unless otherwise stated, deutrochloroform 
(CDC1-) was employed as the solvent with tetramethylsilane 
ClMs) Base tne internal Standaaras Chemical shitts are 
Feported "ino values relative to IMs=0. The following 
Bee he Vac Vols sare tscu Jl tie text. =S-Simglet.,sd-GOUDLeL. 
terrier, qequartet and m-mulciplet. 

Mass spectra were recorded on an AE! Model Ms-2, 
Model MS-9 "or MS-l2 Spectrometer. Spectra are recorded 
in the following manner: m/e: peak mass (relative intensity). 

Refractive indices were measured on a Bousch and Lomb 
ApUS ln RELY decvometenr . 

Melting points were determined using a Fisher-Johns 
or'a Reichert melting point apparatus and are uncorrected. 

Microanalyses were performed by the Microanalytical 


Laboratory, University of Alberta. 
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SLiabeacloiseinvolvingeathe radical anion solutions 
were carried out using oxygen-free nitrogenl25,126 or 


argon. 


Preparation of the Sterically Hindered Esters 


A. Methyl Dehydroabietate 

Pure dehydroabretic acid, “mpt 169-171-520." was 
obtained by treatment of the commercial grade product with 
2-ethanolamine, acidifying the resulting pure ethanolamine 
Salt with SN HCI, followed by mecrystalilrzatrvon® or the 
acid from 75% alcohol according to the method of Halbrook 


127 The acid was then esterified with 


ate: 


and Lawrence. 
ethereal diazomethane and) the resultingsmetny ie ester 
was chromatographed over BDH alumina using ligroine 

byes toe ome Went. slits at Orden "colourless eCrys cals 
of methyl dehydroabietate, mp 60-62°C Gausen ote Oru 2h oils 
ir (KBr disc): 1720 (-CO-OCH;), 1245 (axial ester+8), 
LAO 1 1820 (CG O2CH*) and 818 cm71 (two adjacent H's on 
aroma lCueriitejernmyr 2650. 050-9 /' 55) (My onerATH) a5.00 

Gores we GO -OCH, iu 2.02 5205, 4m, 5, e-Clin-C-C)) eee Te 4S 
Cre Shie Tac) 98 Ss 5m ohm see CHE 7 (s, 3,.-CHs 
ateG bet 2lwe( cd 510: GH (CGHs ) eR Jiey CS) manda 2 O50 5a5., 
-CHz at Ci); mass Spectrum: M/E OT Ceo peo Les), 
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Beeenle Clik O-methylpodocarpate 

This material was prepared according to the procedure 
of Sherwood and Short!*! by treating a 50% aqueous 
ee uanO Gasco luton ot podecarpiceatcids Gi Qmecdliiey mole 
taining sodium hydroxide (3.2 equiv.) with dimethyl sulfate 
(3.0 equiv.), mp 126-128°c [1it+51 128°]; ir (Copdcmain2t 
(-CO-OCHz), 1185, 1145 cm? (equatorial ester!39); nmr: 
SO wr et) ATH) 2 aS whee Cle) mes ab 
Orme COCs he lee ol eel mead phate calucyremies 4 
GS) es -CHz at Cy) einen (Pte ES cy. -CHz at Cig); mass 
Spe Cunulcmm/ Creo 07 (70) e207 (5 ew oo (5) ee 45S eee 0) 


POO ye n5 iO) 17 122 yen 61 Lojmande lay dal ope 


Gravicthy il emesitoate 

2.450 rimethy lbenz01icuacia, Wasnesterinieduwith 
diazomectiancsorsdimethyl sulfate) tovatiord the colour- 
less liquid, methyl-2,4,6-trimethylbenzoate (methyl 
mesitoate), ca =e Ue) [1iti32 nae S951 508.5 |e anmi: 
BOMOR SOM (S eee ATH) S808 (S,8 5, -CO-OCH,) seve Soper) 


(oscar WD Ar-CHz) . 
Preparation of Sodium Naphthalene Solutions 


Stock solutions of sodium naphthalene (0.3 - 0.55m) 


were prepared by stirring (with a glass-covered magnetic 
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Dan scaium pellets "(1/10' to 1/4 en dtameter ie urt ioe. 
molar equivalent of naphthalene in dry tetrahydrofuran, in 
a sealed system under an atmosphere of nitrogen at room 
temperature. Formation of the radical anion appeared to 
be sensitive to traces of oxygen or other impurities and 
the time required for complete reaction of the sodium 
under these conditions was quite variable. wine active 
sodium content was determined by titration of 10 mi 
aliquots with 1.0N solution of absolute ethanol in 


benzene, to the disappearance of the green colour. 133 


General Procedure for the Reaction of Slot lGad ly slinaened 


Estersewith codium Naphthalene in Tetrahydreturan at 2s C 
Grabiesh j= 


Reaction between Methyl-O-methylpodocarpate (4g) and 


Sodium Naphthalene in Tetrahydrofuran (THF). 


A solution of methyl-O-methylpodocarpate (1.80 g, 
5.98 mmole) in 20 ml of anhydrous THF was added dropwise 
during 10 minutes to 2.3 molar equivalents of sodium 
Napier enems (25m l,, Uso Mat co Cen heres OIG iiys POd, 
an additional 60 minutes, the remaining sodium naphthalene 
was destroyed with 4 drops of aqueous THF (1:10 - H,0:THF). 
Additional water was added. Then the mixture was acidified 


with concentrated HCl, and extracted with chloroform (three 
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25 ml portions). The combined organic extract was washed 
with 5% NaOH solution, brine, then dried over anhydrous 
sodium sulfate. Evaporation yielded 3.16 g of neutral 
products. 

The basic extract was acidified with conc. HCl, 
extracted with CHC1, and dried (NaSO,). Removal of sol- 
vent afforded 0.584 g (34% yield) of O-methylpodocarpic 


acid, mp 157-158°C [1it? 


157 -158e8tis 

The neutral residue was chromatographed over BDH 
alumina (Act. 2, pH 5), using Skelly "B", then benzene, 
then benzene-chloroform as eluents. In order of elution: 
naphthalene, a viscous ae (0.32 g) and a white solid 
(0.57 g, 24%) were obtained. The latter solid was crys- 
tallized from acetone-CHCl, to yield a white solid, mp 
245.5 - 246.5°C,which was identified as O-methylpodocarpyl 
2-naphthyl carbinol (5). Ir (KBr disc): 3540 (-0OH), 


1608, 1570, 1120 and 1040 cm? 


(Ar-OCHz); nmr (pyridine-dc): 
peeetDids 215084 )§ ge85y (mpd 395d 704 On me eS) dvenaphthyd 
protons], 6.80 (m, 3, H of benzene ring), 6.42 (broad s, 1, 
-OH, exch by D20), 5.72 (d, 1, -CHOH-, J=2Hz, s on exch by 
Nefjges<66 Tso S5eArTh OCH) els 2remav95 Um,ellsialiplatac 
Hds)541.560(5515,0-CHzat Cy) and 1.07 (s, 3, -CHz at C59) 
mass spectrum: m/e: (calcd. for C5 9Hz,0,: 400.2402. Found: 
400.2349.): 400(5), 272(5), 244(52), 173(30), 161(100), and 


156(28); uv max (absol. EtOH) 228.5 (e = 73,00), 279 
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Inverse addition 

Tofagsolution of dgnGihs2) so -56903 jumole)) im 20 mieot 
THF at 25°C was added dropwise (10 min.) 25 ml of a 0.55N 
sodium naphthalene solution (2.3 equiv.). After addition 
the solugionywas stisred for an additional 60 minutes: 
then quenched with aqueous THF and extracted as described 
ppevious ly = CAcide(41)3 (0G5o gaCs42jmwas isolated, the 


neueraleproduces i werecenotmainvesticateds 


Reaction between Methyl-O-methylpodocarpate and 6.6 


equivalents of Sodium Naphthalene. 


Using the same procedure as described above,-with the 
exception thatmo26 Cquiv. Ge sorbed naphthalene was used, 
1.897 g (6.28 mmole) of the ester (4g) yielded after workup 
OES LORS Clg) OuptiLee acl Guth mine aac tLOnmuOmneutra | 
products: ‘The naphthalene ite removed by elution of the 
neutral products on BDH alumina with pet ether. Elution 
with pet ether, pet ether-benzene and benzene gave 1.31 g 
(54.4%) of 4i. Further elution with CHCl; afforded 0.39 g 


(15.5%) of O-methylpodocarpyl 2-naphthyl carbinol (5) and 
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0.45 g of an unidentified viscous liquid. Compound 4i, a 
white crystalline’ solid, mp?140- 14iCa(Skel Ty4 pMg | ee 
Shown to be O-methylpodocarpyl 2-naphthyl methane (bb 
TPCURBY dis C )* 1605, TA9 5591035 (Ar-O-CH,), 790 and 775 
Gi sake (CDC1,): 6°8.18 (d of 4, 1, Hy or Hy), 7.77 

(m5 2)5" 7.44" (ng? 4) 7 nephthylt protons |%" of Sahm Be eArhe 


Ape system) [700 -(d ASe pone = SHZ9* 0 (8 8e%tde FSH 


B BC A’ 


Ineparer oie UY ote7itcanet aylumtpchroeetersyisH: ane Peepuz)]’, 


CaeAG BC 
SRaro 1CS§ YSS ArOCHz) , 5. 2S See 25 naph-CH,-), 2 Do {Urs 2, 


PEGG epee oe CL On iets Gea 15 e007, Ole dela Sy me gme eee cat Ci); and 
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EO to ros Cll oe nmr (pyridine-d,): Oise babs 1s 


3 10) 3 
Hz or Hy, al} lean ieee AE Ay eens Gite Ee ET sokel oleh a ayiga 
PIMOS Ny Gialshie. Eh NU lal pt epi oA is Ar-OCHz), SaaS 
(s, 2, naph-CH,), 2.90 (m, 2, Ar=CH5-); li Ree oe (ee) 


ero oan (Soko G -CHz at Cy jewewlebet() foe, (US 5 oi lakes Eke Cio) mass 


iS 
Specerumeem/ cren Cal Cd, et OTe Chez Oss OCs 24 See Found: 
seas 2adage 23940159 ,( 24315), 1732595 1617005 24473) 
ance ai 25)% TAnali®Calcd.stfor C> gHz70 se CRSOye 45 Te 8.259 


Founds)=Cs 3865 624H5* 8.48": 


Reaction between Methyl Dehydroabietate (la) and Sodium 


Naphthalene. 


In the same manner as described earlier, employing 2.8 


equiv. of sodium naphthalene 1.560 g (4.97 mmole) of the 
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equatoriralmester yreldéed after workup -0 50 70'*o 64 ey of =the 
aera (1c) and 3.48 g of neutral products. Column chromato- 
graphy on BDH alumina gave, in addition to naphthalene, 
threemajor fractions: from Ske bly @'B" benzene "(1 Pr) 
ekutivon ss0 sos eee efrom benzene» Ue40 Mo) and *fron CHC1., 
CSG io" -Siive4eirst rand third sfeactrons were “shown (tlc) to 
contain at least six components. Further attempts at 
separation by additional column chromatography and prep. 
Cle-provedstrureless:q Attempts atSstructure elucidapion 


of the mixture using spectral methods failed to provide 


any definitive evidence. 


Reaction between Methyl Mesitoate (3a) and Sodium 


Naphthalene. 


A sobugvomgo Mrs to 80S mole) Mom samiree2Semileot THE 
was added dropwise (15 min.) to 25 ml of 0.40N sodium 
naphthalene reagent (2.0 equiv.). After addition was 
complete, the initial green-black colour turned brown-black. 
The six bunewwasustinred an eadditiongle4 Ss mimicess athen 
quenched with aqueous THF. Workup in the usual manner 
Vietdeds02047) 2 °(5%), of acid, and (1.996 e Of meutral products: 


107 153.5154°G]5 eshowed gan 


Lhe eAGied, gnpeh5 15 35C 5 [ List 
NMeaspecCtrulpl denticad sta that,of authentic wmesd touGeacid: 
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Column chromatography removed the naphthalene and 
at roOrdedseQ@oleceorsasmixture =shown (tic,0si]icas ged HF 454) 
CoOscontainwate least. Tive. components, » Elution Ons ad umina 
wi thes kelly a Biabenzenes (50: 50)je caves 01 25u cad 642 ao bea 
VellOwsenyscCal line solid. amesi tale mpe=ed lS Seal 08S 
eee st 700 eel ra CH lee 


Q 
0 


lie OC Samm) eyl695 
(Ar -CO-COeAT) 6a 10105 ands850 cml, mass spectrum: m/e: 
147 (Mes-CO)* and 119 (Mes); DMT On OF OF (Sc mrt) 
ee One GuzeONwC Aeands Can) mandec. 20m Csea LZ, -CHz). 
Elution with methanol gave 90 mg (16%) of a yellow viscous 
Isic Cee ShOWDmt Os D came Sa (O11). wil; (CHC1z), S5o00e (OH) s 
TOS0m(-GC=O0)e 5905. 10557 and 850 cm7!. quine® iy Toho a) iGila Ae. 
ATH eee Coast Gee COM Sa coe (broads Sie lag CUO Es mexen 
with D,0) and 1.8 to 2.4 (MeOt aS, e lone. Che i 
It was shown, on the basis OL Maas DeCelagwcoas enone 


of the remaining unidentified compounds contained the 


Presence Of a daphthyl morety. 


Reaction between Methyl O-methylpodocarpate (4) with 
excess Sodium Naphthalene in tiem Leo chcem Ol ml DUGyE 


aitcohol. 


To 3.987 g (31.1 mmole) of naphthalene in 50 ml of 
anhydrous THF was added 0721 ¢ (9.1 mg-atom)’ of sodium. 


The resulting dark green solution was stirred 2 hours, 


ee 7 ind 
i We RS). 4a $5.0) oun thea Bu 
- ‘ 


2.@10 = Gehhie/ qn 114 vena piton oil : 
dOar <tam 2.0 Vel +E]: “ar. -(oest-eit 

ohm ral Yeoge ‘etna 7-9 o28 harp (Plat (thew 

(Uh, (01,2), 8.0 © gama avail Ors Une trap. 


ee" yeh tedle 


reguaiv abfiwk-s 26 feng wt sh Con bagi Atines 
(HOS) Ores LUO. 4» eho eae, Doreen, 
bh fm ASS 8 oP rah 5 he f28- link Lesng | obat ce 
foxes, HON: ol..e Unora) £4en 4 io: of pe? bot VO cA 
$CyHDee FSI (eae ap bat eor 2.0 eae (Og6 . 
sou ic0d , eviogge amt 70 elem aes hoe (Avone £a8 71 an 
943 dionligtes abngggace, boitignstiai apie aly, om 

2, 


“Tsien. Cytziigan ©. 26 


ijn eee Sihi ORL SALA lee [yee esas 


| Spall <9 No aorecert ols. a sip irdadeek Qathge 


6.44 02 oF “enoletsdgun Te (elting Wi. TF a SMES: at | 


“nar hge $o- Taha eT 8y gz ie0 betta rape’ pan 

Slat tal § bord se sew beirut ane hoe ot’ 
ke 

on} | 


a. ee me 4 


56 


then cooled to o°c. Assolutionsof.0.428¢5 )(Seaz mmole) 
Of@tsbuty! alcohol inei0(miMoftTHF waseadded a1) at once 
and the mixture was stirred for two minutes. Then 
Ob4545e5 (le S0rnmole) Soff thetester (Ag) in ZO smi orpgur 
was added (15 min.) The mixture we Stirneasatel0sCaron 
a further 30 minutes then quenched with 1N HCl. 

Workup as described previously gave 0.445 g (98%) of 
Starting material 4g: 


Oxidation of O-methylpodocarpyl 2-naphthyl carbinol (5) 


to O-methylpodocarpyl 2-naphthyl ketone (Sip coe 


Ree OUT VOTE Oto U ORME OC op mmole) Porm thepal cohol grt >) 
ioe oe mi@orPanhydrousepyridine twas: addedmito. ay slurryaot 450 
mg (4.5 mmole) o£. CrOz in 6 ml of anhydrous) pyridine: at 
Zon Chey ALtten addition, the mixture, turned darks brown 
Webphineaetew minutes. «lheamixtureswasestimhed at.25-C 
GNS@a igh) Ff tehens as ubtened: es iWaite rei Ouem l) andy chloroform 
(LUC tm P}eweresadded to the tultrate andathesmixture was 
Washed wach 5 omiGleesatuneted bicarbonate goldutzon.e bDuimne, 
dried (Na,SO,) and evaporated to leave 456 mg of a brown 
Ti clas utaclcte ars 

Elution of this material on a column of BDH alumina 
woth laeroine: (65-754C)) and tsubsequentimecnrysitalia zation 


from methanol gave 72 mg of white crystals of ketone 8 
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pe LoDkd6ze ele gload(KBr disk)aelosg0) 16268 1608¢id871, 
1500, 1247 and 1035 cm"; nmr (pyridine-dg): 6 8.23 

(s ade Hy), /e84¥ (meeo)s ThAseimgesjmivnanaphthyieprotons |, 
besoaitm wos Arled 3w6 0h (set 35 ArSOCHjemded cha -Savmehds 
ele phatatalis ehitd 20126 my dAyyaliphatec His). ,etlesd 

[ey@ 55a CHa atht) )oantened On (spp 3) S-CHshat. €7 493° nmr 
(SDGIe Jee SmO5sts5tig Heje Teson(dylitelzbodesHhz)an7.83 
imthentid -svming.3)T(¢ naphthylmprotensie 6te1d(ms 459ArHh), 
oyu (eG toonar-OCHe) Lale6smi(see551-CHs ateGy ) fandelez4 

(s tie -CH, at Cig); nnpe (CDC 2 ti cac0 Seequivegot 

am cod) Gs 5010.09 Woseds H,) andi oO) [sa{dordseH:, J=8Hz). 
Mass spectrum: m/e rCae der or C5gHz70, : 398.2246. Found: 
B9Ge2258)an GO8( 55) 245(12I6h4 oe 4abeted (100), 155(70) 
alam e025) se Uvemaxe (CHCl ECON M( 139) i242 ae se 51.00) 
shoulder at 250, 281 mp (e = 15,700) with shoulder at 


288 mu. 


Reduction of Benzil to Benzoin by Sodium Naphthalene. 


A 0.9N stock solution of NaNp in DME containing 10% 
toluene was available in our laboratory and was used for 
the above reduction. 

A sodutionnofréess gtofsbenzalpinos0tmlyok IHF was 
added dropwise (10 min.) to two equivalents of the NaNp 


solution. After an additional 60 minutes of stirring, 
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the mixture was quenched with aq. HCl - THF solution. 

The solvent was evaporated, and benzene was added in order 
to azeotropically remové the trace amount of water. The 
residue was washed with pet ether to remove the naphthalene. 
The remaining white solid was crystallized from ethanol to 
give 3.22 g (75%) of benzoin, mp 134-135°C [1it!5> 135°C}. 
The ir and nmr spectra were identical to those of an 
authentic sample. The lower limit of the yield is 75% 

but additional unisolated material was shown to be present 
imethes pet wether, washingsm(t lose Silacagcel sbenzenes 


CHC1z, 4980:20)3 no. starting. material,was)| present (tlc). 


Preparation of Sodium Hexamethylphosphoramide 


Hexamethylphosphoramide (HMPA) was first dried over 
13X molecular sieves, then distilled from sodium (2.0 g/ 
SO0amijetoegivesa, colourlessaliquidgs Dpt 655 G/0bos mn; 
75-76°C/2 mm [lit>> 65°C/0.4 mm, > 68-70°C/1.0 mm] 

The THF was. purified, by. shaking. wath) successaver por- 
tions of sodium hydroxide pellets,. refluxing for, 24, hours 
over sodium spheres, then distilling from sodium metal. 
The distilled THF was then treated with LiAlH,4 and redis- 
tilled under a nitrogen atmosphere prior to use. 
[WARNING: It has been reported that serious explosions 
may occur when impure THF is treated with solid potassium 


hydroxide.1°°] 
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Stock solutions of NaHMPA (0.2 - 0.3M in Na) were 
prepared by adding ca 1.0 g of freshly cut sodium spheres 
(1/16"" to 1/4" in diameter) to 60 ml of stirred (glass- 
covered magnetic bar) HMPA under nitrogen for one minute 
and then diluting with 30 ml of THF [N.B. House's 
preparation?” shouid@possibdytreadpieQugi instead of s10 9g]. 
Memresultingrmixtureawasrstarredoat Ofefore2 toe5shours 
and standardized (as described for sodium naphthalene, 
p: 50). before use. 

All solutions of NaHMPA-THF used were in the ratio 


27) inv BMPAcI ES unlesstotherwiserspecit ied: 


Reaction between Methyl-O-methylpodocarpate (4g) and 


NaHMPA-THF at 25°C. 


pe solution ott ee 08s sega bemmolciMin 2oyml of 
HMPA-THF (2:1) was paded dropwise over 55 minutes to 
40 ml of ca 0.2M NaHMPA-THF. During addition, the 
reaction was exothermic and a gas was evolved. After 
comp letesadda tion! off thel @ster,s thes biuesco lour, remaineds 
Thes solutions wast stirred ant addiittaonal, Si minutes. 5 then 
quenched with methanol. 

The mixture was concentrated on a rotavapor and the 
remaining solution was partitioned between 5% HC1 and 


CHClz. (In the initial experiments, CHCA wasemsed . 
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Subsequently, Skelly "'B" was used as the solvent for 
extraction due to the ability of chloroform to form 
complexes with HMPA2>) The combined chloroform extract 
was washed with 5% NaOH solution (four 40 ml portions), 
water (100 ml), brine (100 ml), then dried (Na ,SO,). 
Evaporation afforded the neutral products which still 
contained HMPA. In order to remove the HMPA the extrac- 
tion was repeated with Skelly "B". This eventually 
afforded 50 mg (6.3%) of a compound with a molecular 
weight of 287 (mass spectrum). 

The sodium hydroxide washings were acidified (conc. 
HCl), then extracted with CHCl<z. The combined organic 
extracts were shaken with brine (100 ml), dried (Na,S0,), 
ante vapOlTateautOnylela,UcO25.¢ OL eaneoOiLe whe ceomsolian 
pelo 127 COC. heerystallization 460m aq. methanoley1elded 
Ciescolourless Crystalline podo0cdrpi Geis HMPA sian. it 
COMP MeXw Uo aipmlo+ol sO Uy, and elaVvasCOUS@LI Ud de dc lex 
OS ears aon (aq. ethanol) of the viscous liquid 
yielded podocarpic acid, mp 190-192°C ile LOS tose 

Spectral datantot 15')sMass spectrum  M/ C16 27455 259), 
Perel, L571, 130; and 135. The 179, 136 and 135 peak 
were characteristic of HMPA; the remaining features of the 
spectrum were identical to that observed for authentic 


podocarpic acid. Nmr (pyridine-dc, 100 MHz): 6 7.16 
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Pere 7 ta Regan Be CH, 's OP SEMDA Seo OZ ene 3 0 al? ] Oo (ne Snes Tid. 
Vom On Lew om) t().) 3 


Reaction between Methyl Dehydroabietate (la) and 
NapNPAS THR ati 25.0, | 


In a similar manner to that described above for 4g, 
to 25 ml of a 0.2M NaHMPA-THF solution, (3.5 equiv.), a 
sOlUt On OL ela (0 504 ¢. 01.67 mole) singZ0mleoteiiEewas 
added dropwise over 25 minutes. Five minutes after 
addition, the reaction was quenched with aqueous THF. 
Workup as before (with Skelly PBs Cead sore CHG l-aseihe 
Sertraline colvent) vy belacd 0721 pal o4) Sorecenyvdaro. 
abietic acid. 1iroand nmr identical fo an authentic sample, 
Bom 20n Ce On snelucral DIOCUCES.. lr uturatd OngOmeCieeneltra | 
Procuctuwithpokelly “BUsandsrecrystalligationmioke ll yee bo 
ether) afforded 0.18 g (36%) of N-methyldehydrobietamide 
tseaawhiteecrys talline Solid. «Mp LOS CO oaonG fare 
DSOm sooo Swe ONG sec 2. 20) om ee oa Ueland cm E je 


1650 (amide C=0) and 1535 cmt 


(-C(CHz)5); mass spectrum: 
Weer SLO) ee 98.03.) 5 259:(05.)eeli O10 yma Cem S19, eeeiel a 


nmr (CDCl TOORMH 2) O00 (a (ls hee ATL Jeo Omen DL Oddia or 


Se 
WH) aba (died, oN CH75 SoH.) SS 2ee/ 5 i. AveCip ay 
GES ety VO EOI (Ei, esa enone Gah ey ee Male ne Cy); 
le lge dw bre sopropylamerhy| sj ad=/p>) sand ol. Lies eo, 


-CHz ov Cig): 
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-"a" ylied2) noitesiifeseyroo1 ban "a" yiled2 Asiw touhotg 
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When a slower addition rate (80 minutes) was employed 
for this reaction, a decrease in acid (5%) and an increase 


in amide (ca 66%) was observed. 


Reduction of the Hindered Esters with NaHMPA-THE at 0°C: 


General —Procedure (see Table III): 


To a solution of NaHMPA-THF at 0°C under an atmos- 
pherevof nitrogen /or(argon ‘was ‘rapidly (addéd (07S imin.) 
agsGlutionofsithew@esteriinils mirotéanhydrous THEArAThe 
pesulting solution,(deep blue colour jiwaststitnred@ror 
S smpnutes ,, quenched withtaqueous THF, then=poured into 
P50 gmP4otmiNvHCl1? .Extraction*wirth#ether €threesZ5 tml 
portions) was followed by washing the combined ether 
extracts with-5% NaOH (three 25 ml portions). 

The resulting ether layer was shaken with brine 
(50 mk) andtdnieds(Na3S0q4)<ecdEvaporationsofethe. solvent 
yielded the neutral fraction. 

The solid acidic products were obtained from the 5% 
NaOH extracts by reprecipitation with conc. HCl and 
fxlonatwaon*t 
With Methy1-O-methylpodocarpate (4g). 

As outlined above in the general procedure, 4g 
(0.54 g, 1.79 mmole) was added to 7.4 mmole of NaHMPA-THF 


(4. 1.squiv. Me Thistreactionegave as products , £0 745hme¢ 
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off aT eyorbydds io Im ef ni /toves ety Yo noftdton « 

Tol beirvize <cew (rs0lod suld qooh) nofsulos gaidiuest - 
oint hexvoq* neds (FUT eoesnpa. #siv herlogeup ,adotuni@ 2 : 
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(88.6%) of O-methylpodocarpic acid (4f), mp 154-158°C 
(Skelly "B") [1it!95 15g-161°c, 197 157.5-158.5°C], nmr 
and mass spectrum identical to an authentic sample, and 
65 mg (8%) of N-methyl-O-methylpodocarpamide (4j), 
mpyeD 16795 [Cae Ske Tyr Bit )s. 

Spectral data for 4) anc Tide seam n(CHC eis.) Cleon): 
3490 (amide N-H) and 1650 emi (amide C=0); mass spectrum: 
m/e (Cacilid-et or C19H,7NO, £65 O12 OF Bound teS Ole. 0S 8a 
SOOO) ecZz8Oli/ae, e27Oieloyst 220,025 )5 22 Sx OODRA 20 1s, 
L/S LO) 17 UGiopawendsy G1i78 jet nmr s+ Geox cy (ns Spar HDG 
oe Me Ddaa sie alee NH grexc hema theDoOded 3a38 lets aE OCH je 
deio> gone ap Ame Clips) Lezni Sea dios. NCH, | Meoiizjhide 40 
Ponee 44am, 5.9.) wal S 2s sse0 ,0-Cii at Cy) angrier 81 HishiG, 
gGlicn ate C7 p06 
With Methyl-O-methylpodocarpate (4g) in the Presence of 
t-Butyl alcohol. 

As in the general procedure, 4g (0.54 g, 1.78 mmole) 
Was addedeto; aisolutioniot£ Woes nite of NaHMPA-THF 
@ed7mequiv )eande” .S66ega (4294 i mmolegtziy oeequive) Of 
t-butyl alcohol. The t-BuOH was added to the radical 
duaonesolutionypriors GLyman.jNtosadditaonrotithe ester. 
Thiswreactioneattorded 09378@c8 (75.45) of 4igandsosiu7 2 
(26.57) 60f 4j. 


With Methyldehydroabietate Clap 
As in the general procedure, la (0.56 g, 1.78 mmole) 


p+ aw 7 
% : 7 
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te _Shogiotik . 
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was added to 20 ml of a 0.24M NaHMPA-THF solution (4.8 
mnoles@Ztfieequivue) {0 The neutral &Snactionawas shown (tlc) 
to contain at least six components. N-Methyldehydro- 
abietamide (ld) was isolated (10 mg, 2 - 4%) by prepara- 
tive ticSandmits irispeetrun (CHC1z) was identical to 
that of an authentic sample. The remaining neutral com- 
ponents were not identified. 

Additaonroft conc siHClitosthesNa0Heextractssafoliewed 
byerefrigerationiovernight; failedstowprecipitatenthe 
acid@( le). )eExtraction withtetherhrdSkellytyBideaved16 mg 
OreiceetAdditionalsacidjwas obtained by the addition of 
NaCl and@further additdonsotrconcraHGiereExtractionswith 
ether =o Skeltlys "Boe yielded? 02428fca0f alviscous\liguid 
whose nmr spectrum (CDC1z) was indicative of.the dehydro- 
abletic® acids HMPA* complex :286n'2. 620 (djaJ=9Hz, HMPA) plus 
dehydroabietic acid pattern. The viscous liquid was 
daiuted wath 408ml, of@7THF). 1imls off acetact aci df wast added 
anawithey resulting’ solution! wasuTrefluxeditoreoney hour: 

The THF was removed by evaporation (rotavapor), and the 
residue was partitioned between Skelly "B" and water. 
The organic layer was dried (Na,S0,) to provide, after 
removal of! the solvent,’ 0.269 g of lcyumpri54: -5 465°C, 
15 OF On OOP C Grecry 75% EtOH) 5) nmr. (CDC1z) identicaleto 


that of an authentic sample. 
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HenellovyidehyenodbletatenblaneslnVyebsenad gabon 

homtherester (0.508 ¢, vol’mmole) an 159ml ofalHp 
at 0° was added, by means of a hypodermic syringe, 20 ml 
Oiea UI2N NauMPA-THF solution (4,0 mmove, 92.5 °eqlives 
Over JoeseCOnds. "ine resulcing= solution wases tit red 
> minutes, then quenched with IN HCl.” "Workup gave 0.34 "9 
(ea) Os: 1c Cid URlOS OO Lanett hat ap coGuCctor 

The neutral= residue” was Shown (tic)}™to contain at 
Peds te tive; COMPONENntS. Olle Llc spOtmWas COIMNCA Gente wia lh 
an authentic sample of N-methyldehydroabietamide (1d). 
Wetnevcthy  Mesitoate. | od). 

AEP OUGPI Ned dnetncepenerdl: PrOoCeUUre moan so Use 
Z705 MmMOlLe) was eaded to 20 mi of ae 0 74M NaHMPA-THE 
Solucron, (4.56 mmole, 2.54 ¥equiv. J- = WOrkup as spueVi0uSs.y 
described gave 0.138 g of an acidic fraction, shown by 
ClcePolyoram, 911) G7 UV, - CHUL. > BtOACsHONCM COU Ome eal 
SONtoli LOUle spocs, dnd U.220 © Obed NeuUtid leat Guin 
ERO WOmDyolce| Pod yoram son leG7 UV Demy eile so < crleny WDLarelast))s] 
to contain three compounds. Column chromatography (BDH 
alumina) of the neutral fraction gave 40 mg (13.3%) of 
mesitil on elution with Skelly "B"-ether "(9:1)= whose 17 
spectrum was identical to that of an authentic sample. 
In view of the complexity of the reaction, no further 
attempts were made to elucidate the structures of the 


remaining compounds. 
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With Methyl Mesitoate (3a) in the Presence of ti Burt yi. 
Alcohol. 


In a similar manner as above, Harr 04,3608 9 59 2202. mmole) 
was added to 40 ml of a 0.24M NaHMPA-THE Solution (0.6 
mmole .4. 7 equiv.) and 0.228 9 (3.08 mmoles 1.45. equiv.) Of 
tebutylealconol se Ihe proton Source was added tothe radical 
anlOne One Minute prior torvaddition GL the ester, 

Workup yielded the same seven products as in the 
previous reaction Dit in different ratios (by intens: ty 
OPeelcCespots.. 

Hears Spect hum Of tthe actcamiraetione 45 0me aed can - 
DOMLeWes MOVs tb LCe One maser spot), exhabitedsabsorptionsac: 
OBIS e655) CNHs J=/Hz) 1) 02 9(d5 es) 8 Che J=/H7) 

Te Om(s ol 2 5 Cz) 2 85a (broadam. a7, <-CleGOOMjig 5. 38 
iseuel eed ley ion) to. 68S (S lea Uy IC) eae nO ceases eee 
Winyiel) sande h0. 27, (broad, s, 25 —COOL sexch Dy 5050) Zaaic 
above nmr spectrum is consistent with a mixture of epimeric 
aCigsewithethew,4-dihydromesitoicoskeletonml oe 
inMpaneestort. toOmrturtherscontagmeGheestTuCctumese Ouscne 
epimeric acids (14), the p-nitrotoluyl ester derivatives 
were prepared as outlined in Shriner, Fuson and curtin.+*5 
Elution with benzene over Alj0z of the product from the 
derivatization reaction gave 125 mg of a viscous liquid 
Wiichefalled to scrystalli ze nmr (Secestructiire VED Pe 
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“Chavon ‘ChMand 2)/," 3: seul) ef tt CP oer Aetae ae 
(7 2) OSNTAT-UCHS-) a SP "(sye Le te at Col). So Sen (sel, 
eats Go} 2-40 (S, 1th at U5 jee 70" (me. moe ArH) and 
Creve tile 2,0 Afi )e in addition absorptions at 1leo7 (5) 

Be 50) (Ddes) and 6.35 (s}) were observed, Burther eluci- 


dation was abandoned. 
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Reaction of Dehydroabietic Acid with NaHMPA-THF 


Owe sot Omce Cit, OF InOle eC Leela etree omit len een liceed tamOs oC 
was added, by means of a hypodermic syringe, 20 ml of a 
Qe NeeNanMPA-IT HE solution (4-0 mmole ee. sieeeqiudy..)i sel he 
Testeciny esOluUtlOn Was stirred. (Ue oUMIn. pec enmaue nc ied 
with 1N HCl. Workup in the usual manner gave a white solid 
ipees20 ©, thought sto be the sodium @salerol lavaue to 
incomplete neutralization. 

Rodi clon oO. tie sol rdaor Ulm sOLee GleiGolcagiminy 
im ot acetic aacd and a few drops Oe CONC + HU arya lued. 


after washing (25 ml H20), drying (Na7S04), and evaporation 
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Of etite™e thers =0 57 0i'"g (100%) for ithe starting material, 
la, mp 165 - 170°C (75% EtOH) [1itt?7 171.5-172.5°C]. 
The nmr spectrum was identical to that of an authentic 
sample. 


Preparation of N,N-dimethyldehydroabietamide Glenys 


To 2.348 g (7.8 mmole) of dehydroabietic acid (la), 
2 ml of thionyl chloride was added and the resulting 
SOLUtToON *waswstirred=at 75 -G for tS minutes # shen Zz 
drops of DMF was added and Che mr cure Wase stl: red etor 
aerurther 24 "hours. = Thereupon, “DME "G1 2"ml) was “added 
adeeclic =SoruuLon nNeated to rerlux tor 4 hours. — (he 
resulting black solution was partitioned between Skelly 
"B'" and water. The organic layer was washed successively 
With water @-5o.Na0H water, dels nCly branerthen dried 
(MgSOq). Solvent was evaporated to yield 1.40 g of a 
dark brown viscous PL quad ee er eCC HU ee ONO cmt 
(amide C=O). 

Column chromatography with Skelly "B" over BDH 
alumina, followed by short path distillation (Kugelrohr, 
MI0IG Trt 60. GeMmnmHe vast forded 0". 750 e500 Wor 
aevisocouss liquid: 1T (CHC1z) FoL0) Camirde C=O) and 530 
cm71 (gem-dimethyl of isopropyl); mass spectrum: m/e: 
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aL e) en eee ee (Ar lens 50 ( 6 0: NeCHa),, 

1.5 to 3.10 (m, 12, aliphatic hydrogens characteristic 
of the dehydroabietyl skeleton), 1.36 (s, 3, -CHz at Ca), 
ere Sau See a) polizgat Cy) eandel econ (daar 1sopropy 1.CHz, 
J=7Hz). 


Reaction of N,N-dimethyldehydroabietamide (le) with 


NaHMPA-THF. 


A 50 lut10m Oi, the amade le( 200 mmole) cin 20) ml of 
THF was added (3 min.) to 20 ml of a 0.2N NaHMPA-THF 
solution (4.00 mmole) at 0°C. During addition the blue 
Gaguoureuacded.=s lheretoresan saad tiona! sb0 emi oOLed.aN 
NaHMPA-THF solution was added. The solution was stirred 
for a total of 30 minutes, then quenched swith LN HCL. 

Thesesultang Mixture was mourned. 1ntos 00 misots iN 
HG leandsextracted with wkel lige Be sGthrnecess0) ile Dosti 0ns) . 
The combined organic extract was washed with water (40 ml), 
brine (50 ml) and dried (Na7S04). Evaporation of solvent 
yielded 0.567 2 of a wiscous liquid, shown by Goammn and 
tical oi lo Gel. Geabenzene: EtOAcs (1: lL) to berca.7ass0750 
mixture of the dimethyl (le) and monomethyl (1d) amides. 
Elution BDH alumina with benzene: EtOAc (9:1) afforded 
ca 0.3 g of 1d, N-methyldehydroabietamide, mp 161 - LoSso UC. 


ir, nmr, mass spectrum and tlc behavior was identical to 
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that of an authentic specimen. 
Preparation of Trimesitylboron (TMB). 


Trimesitylboron was prepared by the reaction of 
mesitylmagnesium bromide with boron trifluoride etherate 
according to the procedure of Brown and peasont-, with 
the following modification. During the preparation of 
the Grignard reagent, the magnesium turnings were 
covered with 80 ml of THF and 20 ml of diethyl ether 
instead ‘of 100°ml- of’ diethyl’ ether” ‘The™presence of 


iP Vesutred™in fan sincrease an ya eld of IMBiGaromca 


Aptervenystaliazation from oS 7Et0H the “iMBewas 
chromatographed over a short column of BDH alumina with 
Skelly "B". “ After removal of solvent, a white solid was 


Peso S101 5°Cn eo: 


isolated, mp 106 +5 @t a0'7 “Ge ate 
194-195°C]*’ * mass “spectrum, m/e Catkod! ¥Eq7 Ch Hee Be 
500-20 o. S*FOUund SOS*2681 . 

All samples of TMB were always sublimed (140°, 0.1 


nine Hye rior to use. 


Reduction of Methyl Mesitoate (3a) with Sodium 


Trimesitylboron. 


To $0 ml of THE in a three neck 200 ml flask under 
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nitrogen was added 2.457 g (6.68 mmole, 2.3 equiv.) of TMB 
and*0.236°g (10.26 mg-atom, 3.6 equiv.) of sliced sodium 
spheres. Rapid stirring with a glass-coated magnetic bar 
produced a pervading blue solution after 15 minutes. 
When@atdeepeblue-black Sco lour (wasWobtadnedeattemme hours 
Gmgaddittonal Sstirning ;taisolution ofisa 80508) ose. 85 
mnole)min THF €C2i0 ml) «was jadded tover alS minutesin The 
Resuibarne. Solmtivon was stirred ate25 C= tors anradaitional 
Dou hours. 

Excess reagent (no sodium metal remained) was 
desitroyved by taddi tion Opeaidniute soliton ehehGimin TUF; 
Theimaxture’ was poured ontoml00 to om tee Jcontauming #25 ml 
Offmecianod ly, §tiventeaci dimived wit conc HC ae lint s eae 
Cipitated the TMB which was recovered by filtration (for 
reuse). The solid was washed with cold methanol : water 
(by \mandethesproductsobtained) wemolheds 27al)0 tom CsiS 3) 
mowLOG. Seawlo 7S0° Ceattveresublamatiron: 

Phersftiltrate was concentrated (Totavapor)..s the 
Fesultinewaqueous mixtule=s Was excractcduwithwokcily a. be 
and the combined organic layer was washed with 5% NaOH 
Solution eC Lourie. 0mm li iportivons)s 

The organic layer containing the neutral products 
Was washed with water webrineyidried (Na,SO,) and evapo- 
rated to provide ca 0.49 g of.a yellow solid. 


The basic extracts were combined, acidified with 
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conce HOt -and=then extracted with Skelly "B'" (three 30 
ml portions). The combined organic extract containing 
the acidic products was washed with water, then brine. 
After drying (Na7S0O,) and evaporation of solvent there 
WaseObtained 05255 %¢ (50.2¢)9 om mesitoiceacia, mp 

Si 55°C (505 0aq) EtOH), [lit >) 9153-154 -Cjee tthe 

nmr spectrum (CDC1z) was identical to that of an 
authentic sample. 

The neutral products were chromatographed over BDH 
dluminad. “Elution withy hexane provided" 205 me= ore iMbps sip 
1055-9 LJ00nCe O04 total recovery). Benzene elution 
yielded o0"mg (So .50)" Ore mes ltr Lo ave lM owstsolad, tmp 
11 7) ee 118°C? (hexane)™ [11t22 42 qmo-u ze Clei the iveenmMyr, 
anasiasse SDeCLTrar were Ccentical tO etnat Opean allcinentac 
sample. Further elution with chloroform yielded 45 mg 
(10°67)" of wesitoin, whose™1r, nmr and-mass- spectra 
proved identical to those “onthe prev Lousy dsolated 


sample. 


Reductions of Methyl Mesitoate (3a) with Sodium 


Primes@rery tboron Li cite TeociCe WL eeu Alcohol. 


Three reactions were carried out with t-butyl 
alcohol present as a proton source (Table VI, entries 


2*to4) « "The quantities of réactants "for *the three 
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independent reactions were varied in the following 


amounts (mmole): 


Na : TMB t-BuOH ester 
O18} tesiiya'f : aes : Giz : Z295 
Cg Are : sls) : 8.4 : ZO 
(3) Ors : 60 : aes S : gn US) 


The procedures (ror these three reactions follow. 

(1) The same procedure was used as described above 
for the reduction of methyl mesitoate with the exception 
thatetheptpbuty] galcohol, (2) (Slee) twas) eddedidropwise G10 
Min.) together wath the eaner Soe Gn Zoe eet eet base Oe mi) 
Comthie wNa IMBecolutijion yeubhemresubeincms olieron was 
Sei meed) foum hours <at 625: CG: 

Worktinetasvabove )iicave 60res2 toe (Go az) Mot Siles 1 tote 
acid; mp 15345 + 154°C “(crude) . * No ‘evidence was cobttained 
for tehe siormationyot tany wicoupl ies) IpmoduGtse (Gare a; 
mesitil or mesitoin). Column chromatography of the neu- 
traletraction was. betore: gave, three: products- 73) Mbps (trom 
Hexare ietiua te ei, 5 meno ranmunidenta Gied (co tcunlessimy 1's - 
Cousasli quidie(Gromybenzeneveluate))) andybytelucvonywith 
chloroform, ca 140 mg of dimesitylborimic aCtd sep 
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140-141°C], ir (CHCl): 
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andwan2oe(¢, 13, -CHz)5 mass "spectrum: mACe 20 Go) & 
BAG) 6 eee e220) 2 6100) ez 020) and eos Cin) 

(2) As inv (1) with the®following modification: 
thegtebutyiealcohol (0.625 o)) imglHP (15 ml) waseadded 
Gikpatmonce stouethe radical ganion iso lutionetworminutes 
Prionttosthesadditione (over simin-seotethe esterau0 oc5 
Cline iby (20am) ~Ihe resultantesolution was stirred - 
Oro hou ised belo Ge 

Workup as before gave 1.98 g of TMB (95% recovery), 
mpm bose oe BOS); 1025746 4(802) sor mesito1c acid, mp 151 - 
153°C, 90 mg of the same unidentified viscous liquid and 
ca 40 mg of dimesitylborimic acid. 

@5)mrASmIne (CS) ehoweVverswantemeoncenounmmamy Stirring 
Bie Se mitne @Ditle COLOUR Om slic. GadiedlaranwonewasecOMm= 

piletely discharged. Therefore, the réaction was quenched 
andsaworvkedmup to give 02202 ¢g (40.6%) of mesitoic acid, 
Mpelo4e 55 Cee and 55, methylimesi toate (estamatedsby, 


CLC, Momateue 48 5 oe SERS0eonechromosorbeW ate 1253G)e 


Reduction of Methyl Dehydroabietate (la) with Sodium 


hyime sat yubotonmingthespresencesol tp Buty IeAlicohol: 


The most favourable procedure and ratio of reactants 
in the above reductions of methyl mesitoate in the pre- 


BencemO1 sl“ Duby aleohol, [reaction (Z| was echosen= ior 
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the reduction of the resin ester,’ 1a. Thus, 0.188 g-atoms 
(5.38 equiv.) of sodium was added ie 11S Cte. Von egquay.) 
of the IMBeaneTHEe (80eml)etorformtheyradicaleanion. 
Pe outylva lcohols(0.535) 9. 2 9osequiv. | was added as 
descrabedgnreviously, just) priometomtnesadartion (i4emine) 
of la™(0 477" syn i. 0P equiv. js =the resulting solucionewas 
Stirred l0"hours'=at 25°C betore™auenchings 

Workup in a manner similar to the above gave 94 mg 
U20R OojmOr =the acids les ands Ulm sUMam (7 Oy mole stareing 


Mavterial @1a-. 
When a reduction was attempted with methyl-O- 
Methyipedocarpace under waencicaleconaltevonsc, Complete 


recovery of the starting material was obtained. 


Attempted Reductions ‘of the Resin Esters with Sodium 
Primes ty EDOCOne | lab len Vil). 


Reductions were attempted with la and 4g in the same 
manner as outlined above in’ the absence of the’ proton 
Source, t-butyl alcohol® SiINo reduction occirred. ithe 


starting esters were both recovered quantitatively. 
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PART II 


A_STEREOSELECTIVE REDUCTION OF CYCLIC KETONES 


INTRODUCTION 


The stereoselective and stereospecific control of 


chemical reactions 10 242 


1Suo LOLOL MUCH ECONCeaatG 
Synthetic chemistry. In particular,the stereochemistry of 
addition of a variety of nucleophilic reagents to the 
carbonyl group has been the subject of numerous 
reports,1*2-149 

Because the Ancestor Ofia lars conumbereot cyclic 
ketones with various reducing agents can lead to either 
Spine GralconO lease tie marlon spTOGUCt ws pLcdaColOnmOim tic 
stereochemical outcome of such reactions cannot always be 
made with certainty. This has generated a number of 
theories!455150-155 t5 account for the observed results 
pieweoneideray leediscussiont ais aoe 

In reductions where the steric environment for the 
approach of the reducing agent tove1ther side of the 
Carbonyl. function is comparable, passin 4-t-buty icyclo- 
hexanone, the major reduction product is usually the more 
Staple proquct 1c. ether equatoria yea lcono la ed. eae 


However, when approach to one side of the carbonyl function 


is definitely more hindered, as in camphor, the predominant 
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formation of the least stable alcohol is favoured (ou. 2h 
154 
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In 1956, Dauben, Fonken, and Noyce termed these obser- 
vations "product development control" and "steric approach 


COnULrOL, respectively./°1 


It was assumed that the transi- 
tion state geometry resembled the geometry of the alcohol 


products for reduction of unhindered ketones, and resembled 
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the starting ketone in geometry for the reduction of 
hindered ketones. 

in 1965} *Brown ‘ard Deckt>4 suggested that 'the terms 
"steric approach control" and "product development control" 
be¥replaced™by “stéric’strain@control! and “product*®staba lity 
control” in order to focus greater attention on the transi- 
tion state of the reaction rather than on events which occur 
on the way to the transition state. 

Also in 1965, an alternate explanation was suggested by 


Richer ‘based*on a-»“steric approach" only.1>2 


For a small 
entering group =(which *dods Snot *Vinterrere™” *withethe 

ge5eaxial substituents) ; ‘thé sreaetion willebetdirectedcVexclu- 
Sively by the 2,6-axial substituents which hinder equatorial 
attack. However, as the size of the entering group becomes 
lafeer "ittwas *sdecested ‘that itheVinteractions with 375~axial 


substituents increase and the reaction proceeds in favour 


Optequatorialvattack. This Ws most Peasily sseen by “envisaging 


j 
1 
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axial (: equat. 


approach 


O Hydrogen 
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the approach of the nucleophile to an unhindered cyclohexanone 
perpendicular to the plane of the carbonyl group, not to the 
plane of the ring. The equatorial hydrogens (or other sub- 
strtuecnts) atthe 2 and 3 positions are in the planesof/the 


carbonyl group! 


and consequently will not interfere with a 
species approaching the carbonyl group trom either! tieraxiad 
or equatorial side. On the other hand, the axial hydrogens 
aeenot ine the plane Of) the carbonylegroupe(tnem2. 0. axial 
hydrogens are at an approximate angie of 116, with the 
Carbonyl ands the 3,5-axial hydrogensjat an angle of ca,64))-. 
and would interfere with a species approaching the carbonyl 
STOUp er Lome cLehner side. Thus! thesresii cin gen noOducusmwollda 
besdependent, om the size (or shape) of thelattacking reagent. 
Marshall and Carroll supported the above explanation by 


153 These authors 


GOnsltceninvy sUranstulon-state seometny,. 
concluded that’as the transition-state bond lengths increased 
(between carbonyl and attacking nucleophile, i.e., larger 
nucdeopha Les )j sin «distance, inom the carbonyl ec neatemeinter- 
actions with the 3,5-axial substituents would result, and 
therefore axial attack would decrease as the attacking species 
became bulkier. 

Insl968... Cherest .and Relkin, ascribed. sthe same, stern.c 
interference to bond eclipsing factors!55 - "torsional 


Siiain' with woespect to vequatoruals attacks sleqe.sy)) wand 


Msteric strain’ with the 5... -axlale subs tity ents, wilt hy naspect 


ond 03 ton et booe sts 
rdae vetta tw) Pp tesrerae 
od? Yo santq ait ok _ Ne eo | 
8 Adiw oxvettodni Tor ITtw v Logis, 
beten oa vorrio mort quoag Lynodeas: sits Siissoccemlnnhaate 
znoyetbyd Inixe oft . band todto, ode nO .oble Isitoteups zo 
[nkxs-0, odt) quorg fynodve® s#2 to enetq sd3 ot Jon ots 


aft. diiw °Oth to Signs steakxorqge Ae 38 ote zasgorbyd — 


C8 a Yo algae ae, 36 anagotiysl Ttetxp-2€ edd bas Iynodrss 


iynedi 62 sity gninyserqgs eofoege @) Haikw. etettetat blvow bas 


bluow etowhotq gud tives ont .2HHT .vbj2 redvie mor? quotg 
toeekey getdouste 949 to (Coqade ta) osfe aly mo taehaegsb 9d 

4d notsensiqzus ovede ot bottoqgie Miptee? Saxe IledetaM.| 1< 
aroniug s2adT Ett vsgamous siete-aoltiens1? gaitebienoo 
boensiszmk zfhtgusl baod ofuse-scisiensy? oft es dont. bobulanos 
regres ,.9.% ,ofidqosDoun gaidonaye bus Iysodts9 neowted) 
-teaaint yorre1g ,Ivnodiss edt worl, sonsteib ni (zolidqostoun 
boe ,Slueo1 bluow etnourisedue Letxe-€,€, oft d2iw encigos 
2eiooqe giftostise sit 26 atasacals Blow do8328 isixs etototeds 
-tedilud. emazed 

Sixstz2 oma2 ond beditoen nitions seatat? .80e1 at 

wa rnnoieyo2", - *°lenonas? gnbeqhis snot of sonetotretak. 


bas (1% .pe) dontte Feieommips of tpeqeon giv "nkaxde 


| goeqas1 dtiw etnanttiedne nixe-2,t 


“nkerae aida 


80 


ll 
ae 
(@) 
-w) 
| ; 
1@) 
Coan ae 
i) 
~ 
ss 


Torsional 
Strain M 


Comaxtaleactack tequazs jon Thesanthons: proposcdathatean 
impentan Gyportvoneot athenenercgy trequirementetor equatonsal 
appLoacharsncucwtoetorsionalestraim resubtingstromutic 
development of two eclipsed nucleophile-hydrogen inter- 
aCtiOnsmewithythe tpaineoteaxialehydrogens@at C7 jand Gao 
Can. Bice gunans Leon state. 142 Axial approach involves 
aanueh highéemeproportvoneonre 'iolassical! (stenicehindrances 

In reactions of unhindered cyclohexanones with small nucleo- 


philes, the ''steric strain" associated with axial attack is 


expected to be smaller than the “torsional strain" associated 
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with equatorial attack; therefore equatorial alcohol pre- 
dominates (eq. 28). As the size of the nucleophile increases 


or as the 3,5-axial substituents become larger, the situation 


is reversed. 


Recent investigations />°*!97 +159 


have proved the 
"product development control" concept to be inoperable, and 
have supported the view!®2,153,155 that the reduction stereo- 
chemistryjis determined by a combination of steric inter- 
ference, sorsdonalestrain; and electrostatic etitects im) the 


transi tLon State. 
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Complex borohydrides pe CA 


aluminum hydridest52,154,160,167 alkoxyaluminum dichlorides 
Nas Bndecthe use yor Iridium-containing catalysts!©9»1/9 
are examples off reagents that.effect stereoselective carbonyl 
Reduction.) slauie vil e1ves the results more tie seanctaon 
(under comparable reaction conditions )) Off deseriesmotecyclic 
Ketones by asnumberjon these Treducing Meaventce. gine sane 
cyclic ketones were investigated in the present study in 
order that comparisons could be made. 

Two trends can!be seen from the Tabfe:* (1) as the 
alkyl substituent becomes further removed from the carbonyl 
carbon the amount of equatorial attack (i.e., axial alcohol 
formation) decreases;eanu,e(2) as the jreducing reagent 


becomes larger, the stereoselectivity for axial alcohol 


formation increases. 
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During the course of the investigations with tri- 
mesitylboron, the possible preparation and use of the 
corresponding unknown dimesitylborane (DMB) became of 
interest. soubsequent studiesuon it ands thescotrespouciig 
(eco Lumebononydrideshavemlecdm toa Mecnod esiiber 1 UiLo 
existing procedures for the reduction of unhindered cyclic 


ketones to the least stable alcohol by organoborohydride 


reducing agents. 
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RESULTS AND DISCUSSION 


Dimesitylborane (DMB) was initially prepared by the 


addition of one equivalent of a standard ethereal lithium 


aluminum hydride solution?’! to four equivalents of 


dimesitylboron fluoride®»!72 (eq. 29). When the addition 


CH3 
THF 
4 | H.C BF + LiAlH; ———> 
2 

OMe 

CH, 

iach f Ge.) eh Ore 4 (H.C BH 
2 (29) 
CH, 


Wasesperformed at O°C, a few hours of stimying were required 
before the DMB precipitated. When carried out at 25°C, 

the reaction was exothermic and the DMB precipitated within 
ten minutes: mp 166 - 168°C (sealed tube); mass spectrum: 
m/e: calcd for CygHz3Bl, 250.1892. Found: 250.1889; 

ir (nujol): |1605(s), 1510(s) (B***H->*B)*75 and 1435 emi 
(sjaetr (haloorl): Lol0( sje lola (sje ands cm7+(s). 


However, various analyses of a number of preparations gave 
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poor"and- "inconsistent "analytical *resultss (round: (Gs 71 "00 - 
eee me. POePEO re, Calcd se, C044 (also og) ead 
furthermore, reductions of 2-methylcyclohexanone were not 
reproducible #1 hrs "inconsistency “1s “due ‘to -a numper of 
factors, one of which presumably is the presence of various 


ffuorrdes’ Ceo = lir ; AlF.) and hydrides (LiMes.,BH,, Boole sys Sen 


3 
ctuc.) "which "are “insoluble in’ THR and “coprecipitace with 
the borane. 


iwmorder to "clreumvent tiese: problems, tie preparation 


Was Carried "out with  1thium hydride feq .S50)h* Initial 


CHz 
DME 
HC BE + LiH rion ew iad 
y 
CH, 
CH 
Lar + HC BH 
2 (30) 
CH 


attempts to prepare the borane using diethyl ether or 
tetrahydrofuran as solvents at reflux temperatures and 


times ranging from 14 to 24 hours failed. However, ee 
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preparation was successful when dimethoxyethane (DME) was 
employed as solvent. 

This¥sutcess*is' probably@due to®the ability ofathe 
"bidentate" DME molecule(s) to effectively coordinate in 
a Claw like fashion with*theltathium pALionber- This 
chelation is ¢learly-demonstrated™in the®Xerayrstructure 
of the*corresponding* lithium? “ate! Scompiexs = lathaum 
dimesitylborohydride bis(dimethoxyethane) - see Figure l. 

Initial investigations using dimesitylborane were 
not concerned with Wsolating*a4t in purePiormy but@rather 
involved a determination" of 1€54 ability toy stereoselece 
tively reduce’ cyclic kéetones® and tohdossovwith reproduc- 
ibility. * Thus*no ferfort’ was* made, anitaaldvs tomseparate 
the Vithiioum +luortde whichweoprecivpitated # cqnwon js 

Employingeathis “crude prepara tion, thes reduc tions 
were performed with excellent reproducibility in the 
following manner. *u1thium hydride (1.1) to 1-15. cama) 
was added to a solution of dimesitylboron fluoride (one 
equiv.) in DMB under “a™nitrogen ‘atmosphere we Aiter ter 
fluxins ‘or 20 924 hours, followed? by coolkime S@bhemborane 
precipitated ca 20° below the reflux temperature) to OE GS 
the cyclic ketone (one equiv.) was then added. The re- 
sulting heterogeneous mixture was stirred for 8 hours, and 
the intermediate organoboron species were oxidized by the 


addition of base (5% NaOH) and peroxide (30% H,0,). The 
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aqueous phase was saturated with salt and the DME layer 
was analyzed by glc (see Experimental) for the isomeric 
aleoholsm(scoulable Vill lotalsyieldsmtorithe least 
staplevalcohole were >85%.  Therproduct alcohols (5807) 
were easily isolated by elution with pet ether - ether 
(4: 1) through a silicamged columne The by-product, 
2,4,0-trimethylphenol, elutes first: with pet ether. 
3-Methylcyclohexanone, an unhindered ketone, afforded 
Pncecorrespondiupmurans-alcoholjin Ss,epurity Cis -4- 
methylcyclohexanol was obtained in 91% purity from 
A-methylcyclohexanone., Similarly, 4-t-butylcycilohexanone 
ReaGtedscomplete. vito produce Ehercisecaruinole(Oo7 je 
The results, particularly for the 3- and 4-substituted 
eyvc lonexanones, indicated thatithis  Grodegmiaxture con. 
taining the borane showed excellent potential as a highly 
selective reducing reagent. In addition, when comparing 
ehieumethod to others om te, 04) 105 Fluo. los ownuts 
produce the less stable epimeric alcohol in high purity, 
One must take into account that the by-products of other 


meh ger cag vst and aliphatic alcohols 


methods (isoborneol 
146-148) are highly volatile and@theretoresdifficult fo 
separate from the desired products. In contrast, the by- 
product in the present method is an easily separable 


phenol which can be removed by simple chromatographic 


techniques. 
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Attention was then turned to isolating pure dimesity 1 - 
bowanemGine ceo felithium sflaionade) , Ghar actewiz inet ite and 
re-running the reductions of the various cyclic ketones with 
the pure sample. 

Pure dimesitylborane was obtained in the following 
Manner —atter retluxing a mixture of Iuthium ngewe Bele (CR ak 
115 equiv.) and dimesitylboron fluoride (1.0 equiv.) in DME 
for 20 - 24 hours as before, anhydrous benzene was added to 
theshot mixGure® She Lif precipitated, and waset1 tered 
from;the hot DME-benzene solution... The filtrate was concen- 
tracted, (to 50% 0f volume) by distillation!’ under nitrogen. 
When additional benzene was added, no further precipitation 
resulted. The benzene was removed (by distillation) and 
the residue was recrystallized twice from anhydrous DME to 
aELOLra sa witter crystalline solids mpigl650 ol OOgccm ir 
(Cae iiveyey iy) Mae Pei Rew R cml (Beit Hem B brid oe) teldiesus pec. ys ull: 
ny 28 (ENS ikohre CygHzzBll: 250208 Oe On dears 0 Loo OF 
molecular weight (osmometric) in benzene gave a value of 
240. The nmr (benzene-dg, 100 MHz) spectrum exhibited a 
Singlet. atyo,6./0 (4), ATH)5) a Singlet ate<s2.7/ 06> eCHiceat 
Gimandeawsing let atmc e220 (le CHz at C, and Co), and no 
evidence for B-H resonance in the nmr. 

The infrared spectrum (nujol or halooil or benzene 
[1%] or cyclohexane [1%]) exhibited an absorption band at 


IS OE es ARE cm} and no absorption due to an unassociated 
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B-H band at 2500 - 2600 cm7! was observed.!/5, 176 
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The 


corresponding deuterio analog!?? (from Mes BF and LiD), 


Struct une sly slowed vabsorptron satel ibs cm>! for the 


Bee. 
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borane , diisopinocampheylborane 


Womoe a Tomanre (9-BBN) 179 


Loe and 9-borobicyclo- 


) exists as a dimer. 


Dimesitylborane is quite stable to air, much mores so 


than the only other “stable" diorganoborane reported to 
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date, 9-BBN. 


ineourea hands 


9-BBN has on occasion spon- 


taneously ignited or decomposed rapidly (liberating fumes) 


on exposure to air. DMB shows no such characteristics, 


even after prolonged exposure (no change in ir spectrum 
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efter t26hr) tto@airtorchest ef The Meltinye yoLmcs Of DMp io: a 
166°C) is the highest reported to date for diorganoboranes 
(9-BBNL79 | mp 140 - 142°C; dicyclohexylboranel/3, mp 103 - 
LOS2Ge disiamylboranel/3, mpe408-a44eC)4 

The reductions of methylcycloalkanones were repeated 
with pure dimesitylborane, under the same reaction condi- 
tions as before. Two major differences were observed (see 
Table Vill). One, the rate of reduction was slower, ‘evi- 
denced by the presence of large amounts of unreacted ketone. 
Iwo the stereoselectivity decreased. In fact, this) de- 
crease was considerable in Che» s- sande -methvicyclonexanene 
LequcoLons s-80N 195, CO 556 eanderromeoletoeZl .ares pectin cly. 
Ofethe icorresponding least astabilesalcoho us. 

AteLirst, 10 appeared nossa ble gthatetiosccddsse mences 
might be due .towmthe presence ion absence,wof Luthium tluonide 
(i.e., a Lewi/s acid). However,, when the reductions, were 
performed using pure DMB with lithium fluorade 9(0 45, [30 
and 2.0 equayv..-addedeant entional ly athe. wat io) .of product 
alcohols were similar tosthose obtainedawithsoures DMBe 

The cause for the differences in results (Table VIII) 
has since been determined by Dr. S. Akiyama to be due to 
the presence of the 10 - 15% excess lithium hydride employed. 
This excess reacts with the DMB to form an “ate"’ complex of 
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Since the rate of reduction of a ketone with the borohydride 
is faster than that of a borane, a possible explanation of 
the results is illustrated by equation 32. Similar dis- 


placements of weaker Lewis acids from alkoxyborohydrides 


H 
; i f RBH 


HD Om, STi en el. en 


q, 180, 131 Thus, one 


by a stronger Lewis acid are documente 
View fon the) process 1s to regard \the borohydride as a -cat- 
alyst inthe reduction. {(Altemmvativels. one could pos- 
tulatesexpulsion ot lithium hydride fromvthe intermediage 
alkoxyborohydride, followed by reduction of RBH by LiH 
COmLO.Lin Li’ R2BH>. This-appears less attractive a poss s- 
bility, because under similar experimental/iconditions 
(0°C), dimesitylborane does not react with Lil.) 

There is no doubt, however, that it is the borohydride 
not the borane, which is the agent responsible for the high 
stereoselectivity observed. The borohydride, structure 18, 


was subsequently isolated, mp 129 - 131°C (sealed tube). 


Nmr spectroscopic and X-ray crystallographic (see Figure l 
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and Table IX) studies showed that two molecules of dimeth- 


oxyethane (DME) were complexed with the lithium cation: of 


the lithium borohydride. 


CH 


i HC BH ¢ 2 DME 


Also, the new "ate'' complex lithium dimesitylboro- 
hiydnicde:,, moi? 68ies02i7 OF GitGsealledetubepr, tcouldsbesobian ned 
free of the dimethoxyethane by heating and evacuating 
(130 - 155°C/0.08 mm) neat samples of Li’MesjB H,-2DME, 


13) fom cateitsehr teq ies ae 


CH x 
r A 
Li HC BH ° Pep Meneses Wore — 
CH (33) 
CH = 
t+ 
2 DME + Li HC BH, 

CH 
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Reductions of the cyclic ketones with LiMes7BH7°2DME, 
18, showeselectivity simular’or greater to that first ob 
served, but the reductions are complete in much shorter 
times (see Table X). Thus, reductions of 3- and 4-methyl- 
cyclohexanones afforded the corresponding axial-OH isomers 
in 99 and 94% isomeric purity, respectively, in essentially 
quanti tativesyvicldgat 0 sinesehreemselectivitiess oratits 
magnitude are apparently unprecedented for di- or tri- 
organoborohydride reducing agents. 

Subsequently, it was discovered that the procedures 
for isolating the product alcohols couldibe further simpli- 
fled its. by adding ene amount offwater (anstead of 
base and peroxide), followed by drying, evaporation of the 
solvent, and vacuum distillation from the by-product, di- 
mMesitylborinic acid,| the product alcohols were easily 
obtained in > 80% isolated yields. 

In addition to the exceptional stereoselectivity ob- 
served, a noteworthy feature was the rate response of 18 
“to ketones of differing: structuralsenvironments .— Although 
unhindered or moderately hindered cyclohexanones were 
completely reduced in three hours at 0°C, a highly hindered 
eubstrate. camphor, wasstotallveinecteto, thesreaventea ater 
eight hours at 0°C. Approximately three days at 25°C were 
required for complete reduction (99.8% exo), Table X. 


In striking comparison, carbonyl reductions with bulky 
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triorganoborohydrides, although highly stereoselective, are 
rather rate-insensitive to structure and generally proceed 
at remarkably rapid rates even for ketones with widely dif- 
ferent steric surroundings. For example, both 4-methylcyclo- 
hexanone and camphor are completely reduced by 
Li* (sec-Bu) z~BH in one hour at o°c!86 (see Table VII). 
Inreoneluston?s this "ew =rcavent=, LOterouse Consistent 
Terese attack trom the less hindered sidevor the carpony! 
Croupeciac ws temay findsuse vasman silportantetool storedactc fr 
mining the steric environment of particular carbonyl groups. 
In ‘addition; it may “find use “in regiospecific mono-reductions 
of appropriate complex ie or polycarbonyl substrates in 


unprotected form. 
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EXPERIMENTAL 


General Considerations 


Infrared (ir) spectra were recorded using a Perkin- 
Elmer 421 G or Unicam SP 1000 Infrared Spectrophotometer. 

Mass Spectra were recorded on,an AEI Model MS-2 or 
Model MS-9 Spectrometer. 

Nuclear magnetic, resonance s(nmr) snectraswere.zecorded 
On ae VariansA-GOsgor HA-100, Spectrometer ing thesandicated 
Solvents with tetramethylsilane (IMS) as thesanternad 
standard. Chemical shifts are repertedei neo va lucsered a; 
tive to TMS=O. The following abbreviations were used in 
Phewtext. = .bde=sbroad., Seaasinoletweds-adoublece 
te-etriplet. de. quartets gand tasemultipiet. 

Melting jpoints were determined using a Reichert. or 
Buchi melting point apparatus and are uncorrected. 

Gas chromatographic (glc) analyses were performed 
Using ay Perkin-Elner Models 900.Capil laryveCassChromatooraph 
Withieagl oO rt exc OL OLOMin Ie  BeOxvea propa onitrd les Capa l- 
fanvecolunne ColumneA)\ eas lewlet (ePackarde4 07 .oichert ii. 
e1ency Gas Chromatographiwath ansisiit xed (de inseclass 
column of 10% DEGS on 60/80 Chromosorb P AW (Column B), 
geVaraan Acerosraphbsoeriessl Z00 Or seriesed Ap) Chroma - 
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Chromosorb W (Column C) and an Aerograph A90 -P3 with a 
10 ft. x 1/4 in. 20% Carbowax 20 M on 60/80 Chromosorb W 
(Columns) )} 

Microanalyses were performed by the Microanalytical 
Laboratory, University of Alberta: 

All reductions were performed under a dry nitrogen 
atmosphere. Tetrahydrofuran (THF) and dimethoxyethane (DME) 
were freshly distilled from lithium aluminum hydride under 
nitrogen before use. All (liquid) ketones used in these 
reductrons=were vd Poo sdtstnl led tberoretuse: 84 7t abutyicyelor 
hexanone was recrystallized from pentane, mp 46 - 49°C. 
Borometrifluonidereiiérate wasepuritiede@by. Vacuumedi sti bag 
Gionstrommeea lcrume=hydride. eel ichium shydirde,etromenilia 
IMCGErani Cs eewas sUuSecd sas PreceiVed emmin SeVveraleruns, uSine 
older exposed samples, either prolonged reaction periods 
were necessary or the reaction was entirely unsuccessful. 

Column chromatography was performed using Kiesel Gel 
SilicasGe! OMeot 08158-8073 0 tnmegranniationg@asmadsorbent® 


Preparation of Dimesitylboron fluorides) meus 


A one litre’ three neck round bottom flask fitted with 
a mechanical stirrer, a pressure equalizing dropping funnel 
(250 m1), an efficient condenser and attached to a nitrogen 


source, was flame dried under a flow of nitrogen. The flask 
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also contained magnesium turnings (14.1 g, 0.58 g-at.). 
Anhydrous THF (70 ml) was added to the cooled flask. The 
dropping funnel was charged with 2-bromomesitylene!®? 

(100 g, 0.50 mole). Approximately 5 ml of the halide was 

then added to initiate the reaction (on occasion, gentle 
heating was necessary). The remainder of the halide was 
diluted with THF (30 ml) and anhydrous diethyl ether (150 ml). 
Additional diethyl ether (100 ml) was added to the reaction 
Vessel oncesthe treact ion (was))inktia ted .,7 ihe hal ide psolaition 
was then added dropwise so as to maintain a vigorous reflux. 
After complete addition of the halide, the solution was 
Betlaixed (fom ea wiur the, oe hours pandsletisstanding owernweht. 

Bonon yt rif lionideyetherate. @33.24..0 sue. 23.5) mole) sin 
diethyl ether (150 ml) was then added dropwise (30 minutes) 
tomehe Grignard reagent..’. Thesgaddition -causespentile eue- 
fuuxime OB.thenether. geAtteretotal addition, the mioture 
was stirred under \gentle reflux for 15) hours. 

The resultant clear light yellow supernatant was then 
concentrated under nitrogen, and the residue was short path 
Vacuumedistilled, to spprovides4642 6(/73e yield) sem ageheay 
colourless liquid, dimesitylboron fluoride, which solidified 
Onmc Gol ines ebp 9h26 «5 8303C/,0.15 4mm. 

Numerous repetitions of the above procedure provided 


dimesitylboron fluoride in yields varying between 69 and 76%. 
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Preparation of Dimesitylborane by Reaction of Dimesitylboron 


Fluorirde. 


With Lithium Aluminum Hydride 


A solution containing 5.0 ml of a standard 1.7M 
LiA1lH4 solution!’1 (8.51 mmole, 1.0 equiv.) and THF (10 ml) 
was added dropwise (4 min.) to a solution of dimesitylboron 
ciucrrde™(SA™o," 51.3 mmole, 5.08 equiv.) in THE (50 ml) 
seu GeeeAtverntOtal adattion, the sclution wasmallowedy to 
Warmn™to room temperatures. A white crystatiine precipitate 
Tesu ll tedeartte mean additional four hours of stirring. The 
mother liquor was decanted, and the precipitate was washed 
SUCGCSoOIVely Witt anhydrous IH, okeliy= 2 ond. [or ssthen 
drved *(under “a stream of argon), mp 166 - 168°C (sealed 
tube); mass spectrum: m/e: 250) (Mala ir oie Loodis) earls LS cm7t 
Gord) ea ee 9b) s) nmr (CDC1z): Oo Oreie mn II smc om CohA0) eg meecereedy 
(swe oO. -CHz at Cy) and 2.02 (s, 12, -CHz at Cy and Spal sey a 
Beilstein test showed a green flame (indicative of the pre- 
Sence or Doron). Treatment of a small ‘portion of the solid 
with ethanol resulted in evolution of a gas and formation 
Gfeethyl dimesitylborinate, mp 98)- 5955 C (from abs. 
C»HoOH): mass spectrum: ihyroeee ca CU Od Goqly GOB, as 1 bead ae ig eh 
Foundee 2 04e 7b Nine GDCLs)) 6° 6.609 (S545 Arh) 5 13.99 
(eeee se O-GHo-), 2.225 (s5 18, AeoCHe anc Lz i (ter, 


pa ace ye eenir(CHCIZ)e 1008(=)) 15/0(s) (-b.0), Tolots), 
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882 and 845 cm}, 

However, elemental analysis of the precipitate gave 
podetresmwitsmas Gated fons) clo? wanC 864442 1a 99 227. 

Round se @, PGi nooiyH) Go764eh(Othenasamples fpncparedeinga 
Similar manner likewise gave poor analyses.) 

This crude borane was shown to reduce cyclohexanone to 
cyclohexanol quantitatively at 25°C in one hour (50% conver- 
Sion at 0°C for one hour). When the reduction was extended 
to 2-methylcyclohexanone, inconsistent results were noted, 
Varying tinomes0es 8S aicisrandgsaqge20aetrans; 

With Lithium Hydride 

inutiadl attenpts to bring about reaction between 
dimesitylboron fluoride and LiH in+refluxing;diethyl ether 
(24Rhhe) Wand refluxingelHE (4 ‘toi20jhx) ymel withjnegsuccess. 
However, when DME was employed as solvent, reaction occurred 
resulting in excellent yields of dimesitylborane. 

The simplest manner of using the borane (or the corres- 
ponding borohydride)? is?tospreparesand{utilize,it, in) situ, 
thus avoidanewthen isolation stepegedheypresence ofyLakydoes 


not interfere. 


General Reduction Procedure for Reactions Involving the 


"Crude"! Dimesitylborane. 
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fluo nude’ intdnry, DME (509 m1)/ ania 1100 m1 three! meck flask 
equipped with a condenser, stirring bar, and a nitrogen 
Ele rcube twa stadde di0iis2 toll 44 0G ea eSLmmodes 
LT LO toMmivalistequiv...)> of 15 thaum® hiydaade Weel hes mix tur elas 
heated (under a nitrogen atmosphere) to reflux for 20 - 24 
houns teeter cooling to 0°C (the borane precipitates) 
a solutrontotethe Kketone(12.0 21S 42 mmole) vin) dryaiDMe 
(10 ml) was added to the heterogeneous mixture all at once 
anus the Max Gureswas ss Uirrediat 0SCtom Sihours.enAt this 
poi, tthemreactionumixture ppearseaswal milky fsuspension. 
To thas mixture ‘was ithen? added tat\04%C SUS) mis oieis% NaOH 
Solut ron ands 07705 (ols) Saeihettresu Woingemiuxtune: was 
warmed ito’40 450°C (one hour) swith rapid stirring ,fithen 
washed with a saturated K,COz solution (two 25 ml portions). 
The combined aqueous extract was washed with ether (two 20 
Miepostilons) feelhe OrganiG@-extractsmweré scombimed Stand 
Washed swith ébrines(60 ml)y, Tdrved(Na7S0,7))o* "evaporated yet he 
residue was made up to 25 ml in a standard flask with DME. 
Thistisolut vonmwasmthen tanalyzedmby tolem.or determina- 
tion of the relative amounts of epimeric alcohols. For all 
reductions except that of 4-t-butylcyclohexanone, column A 
Wacwemployed at a columns temp. 01 80 G (inj sitempe 1 105- 
120° Geedet tenpe L001 V0.G) yee Por rariai yon Seoteecie 
4-t-butylcyclohexanone reduction, column B was employed at 


ediuinnet emp. fof 140°C *(iny)etemp. 45°C pede tetemp. 1G.OR. Gi 
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gas flow rates: Hop e40eml/mingyO0osq150eml/ming He, 70 m1/ 
min). Results areigivens,anisable Mild laa am Lis wrecuctions, were 
performed at least twice, with excellent reproducibility. 

Absolute yields (glc) were determined by using column 
ChatHli0 eadiS?C, andsindicated, that the reactaons. were 
quantitative. 

Isolation of the product alcohols involved evaporation 
ofathe solvents followed, by, columny chromatography, ons silica 
pelyotm thesresultant residues shlution witha skelly “BLU gave 
fate OotLrumethylphenol (mesitold)js;.elutaon with, Skelly 7'B'*. - 
ether (7 : 3) gave the alcohol. Isolated yields were )80%. 

They isolated eee Samplespol cis Z-methyieyclo- 
hexanol and cis-4-t-butylcyclohexanol exhibited identical 
iigeabsomptvons and wilic metentaon slimes as mthose wot authentic 
samples... Authenticysamples, of trans-S-methy i and) ci scde 
Nethylcyclohexanol were. not available. siowever, ithe liso- 
lated synthetic materials possessed properties in accord 
with literature data (see following procedures). 


A typical experiment is described below. 


Reduction of 3-Methylcyclohexanone 


To the crude borane mixture [formed by reaction of 
dimesitylboron fluoride (4.107 g, 15.5 mmole) with lithium 


hydride (0.137 g, 17.2 mmole) as described above in the 
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general procedure] at 0°C, a solution of 3-methylcyclo- 
hexanone Gl. 47 7 eos. 17 mnoteyPin DME (10 mij’ was added 
all at once, After 8 hrs. at O0°C the reaction mixture—was 
oxidized by@thetaddition of@5; NaGh solution (15 mi and 
30% H405 solution (5 ml) followed by stirring for one hour 
at 4 0Ra SOC ey eel Ne wmixture=wasewoerkeda tup aseabove. “Glc 
(column A) analysis indicated 95 and 5% formation of the 
Enalger andes —s-me thy lcyelohexanols, respectively ..n 

The solvent was evaporated and the residue was chro- 
matographed on Stlica gel. “ blution with Skelly "B" gave 
mon Urimethy phenol mpm 02.0 (from-okelly %B"™) 
orem 2eC\runmre (CDG ind cn On 7S crm IL iemetens 0 
Coroner Oe eariders yee ( se 0G CH) ir CCl O00 
(phenolac -0OH) and 855 cm-l Cl, 2755 er OMmatlc )), aass 
spectrum: m/e:-236 (M"). Further elution with Skelly "'B" 
—etiets (/  : 6) Paverd Cleareliquidam Ul 4cone) = witch). Upon 


Vacuum distillation. =at.ordedse trans —o -metnyi cyclohexanol 


*emAStaecontiirmation for the assignment ot the cis7 trans 
peaks by glc, 3-methylcyclohexanone was reduced by LiAl1H4 


ql63 _ 4 procedure which is 


ifMliP as@previously reporte 
known to produce predominantly the cis-alcohol. Glc 
(ao lume eos Gantniucated duly @ao Se lrans es Clseratiourn 


agreement to that reported (16 : 84), thereby confirming 


our assignments. 
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(0.98 g), bp 103 - 105°C/68 mm [1it!84 78 - 79°C/20 mm; 


HSS is = ese sal ape cue TCRaGh sabi Tin, Sele snr 


945 cmt 


(identical) to.values reported!86 fom the. 3 trans 
epimert: et1140 995 jand..943 cmt; the si-cts-epimer (ives 
1100, 1070 and 1023 cm7! absorption bands!86)y , 
ASpodditaionaly proot of structume, the p-nitrobenzoate 
derivative was prepared as described in Shriner, Fuson and 


187 186 


Gustin ae OR Frei Cot Boneme tNamolelee Lue Or a5 


OO Gel! 8 G0 261,50.) « 
Reduction of 4-Methylcyclohexanone 


Reductionjo® thiseketone . using the identical procedure 
described above ,.atGornded .cis-4-methy leyelohexanol (91% 
epimeric purity), bp 115 - 119°C/70 mm [1it184 173 - 174°C/ 
750 mm, 184 7g - 79°C/20 mm]; ir (liquid film): 1150, 1075, 
10,5,0 .593.5.and e925 cmt (in agreement with values reported 
186. for the cis-4-alcohol: 1145, 1075, 1035, 985 and 925 
cm-l; for the trans-4-alcohol: 1090, 1050 and 1010 cmt); 


p-nitrobenzoate derivative; mp 93 - 95°C (from Skelly ''B") 


186 
Cc 


fans O5m- 296°C)" 


ReEGUCLLON OL Camphor 


Under the conditions described above, no reduction 


Becurred. fhe ketone was xecovered in voy ¢eyaciu. 
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Isolation of Pure Dimesithylborane 


+h) OF oP OR Sem) Of dimesity boron’ €1terdde® inka 
500 ml three neck flask equipped with a magnetic stirring 
bar, a condenser and a nitrogen inlet tube was added anhy- 
drous DME (250 ml) and lithium hydride (1.184 g, 0.149 
mmole). The mixture was refluxed for 24 hours at which 
point benzene (50 ml) was added. A white solid (LiF) pre- 
cipitated. ~The clear supernatant (while hot) was then 
decanted from the white precipitate. 

The solution was concentrated by distillation and 
dry DME (80 ml) was added. The resulting solution was 
Droughtsto Teflux, then cooled slowly to crystallizes the 
DMERF 2O0nce crvstallazed the Solvent (0ME)@wase decanted 
from’ the borane=(DME) ."~ The solid was crystallized once 
Scalieusine ech s procedures (110m) UME) mee vecCantauron.on 
the solvent, followed by drying under vacuum (0.15 mm), 
afforded 16 .59pe(5183% yleld)Sof=pure dimesityiborane; 
mpenose= 166°C8 (sealed tube)s*Analt*Gaicd®for C1 gH. zB: 

Um Sony ee, OLG7 Me Pounds re Cee 86 r4 4h MOF 275 endss 
spectrums =m/e? tcaledv ror Cy gH 3B: Pes BeBe) ca cunk ehivh eal 
2508188 67;enmrs (benzene-deo e100 MHz)76 6.705 (s5e4" AT ig 
Be 2 (S86, e CH at Ca); POOLS, OL2 ee Cla vate ey sanders 
resonance for the B-H could not be detected. 


The ir spectrum (nujol, halooil, 1% benzene, or 
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secyelohexane) rexhibitedaaneabsorptionebandwatli5a0 261515 


cm7t. No absorption for an unassociated B-H band at 2500 - 
2600 cm>! was ever observed.175, 176 The corresponding deu- 
terio analog (mass spectrum: m/ ee Ccalledvior C,H, DB1I: 


Pole tS; sfounds 25121951) prepared in =a. similar manner! /7 
(from the boron fluoride and LiD) showed ir absorption at 
US Reet (Benda: Pe jieting 176 

A molecular weight determination (osometric) of pure 
DMB in benzene gave a value of 240. 

The pure DMB obtained from the above procedure was 


then used in a set of four reductions (substrates and 


resubtstare hrsted indlabbe tVl Dr). 


General Reduction Procedure for. Reactions Using ‘the 


Isolated Dimesatylborane 


Tors. i0c- eescicga(l2 to Usc0itmmole peobedinespiytiovane 
imtailO0 ml three meck flasktequipped with "almagnetic Stir- 
ring bar and gas inlet and outlet tubes was added anhydrous 
DME (50 ml). The heterogeneous mixture was cooled to 0°C 
and the ketone (10 mmole) in DME (10 ml) was added all at 
Oneeliavsbhermixture wast kKeptsaty0 w@rromdsihrs. then treated, 
Aa e0riGwiwithesseNaOH solution (15 ml) and 30%.H505 solution 
(5 ml). The resulting mixture was then heated for one hour 


at 40 - 50°C, with stirring. Brine (25 ml) was added and 
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the aqueous extract was washed with ether (two 20 ml por- 
tions). The combined organic extract was washed with brine 
(60 ml), dried (Na,S0,), evaporated and made up to 25 ml 


(WEth@DMEJ@inea Standard@flask@for analysis by eice 


Reductions of 4-Methylcyclohexanone with Dimesitylborane 
and Added Lithium Fluoride. 


The reduction procedure was identical to that described 
diureculyfabove; withethetexceptionetiateartermmern Waseadcded, 
the resulting mixture was stirred for 30 minutes at room 
temperature before cooling to 0°C. 

thee reductions oOfe4-methy fevclohexanone weresper- 
GLOrmedsusinge2 . (Mequiveer.s0 .5¥equivs rand no =cquny as (iecs s a 
blank). *0f vaddedesli thium "fluoride )* Al °oave ardentical 
mesults irseue4 > 8Ofecis-Carbenole ole rcolumnms)). 

Similareresults (ive. sldentical Tatao;ommepiners mawere 
Obtained ein the reductions of bothes—-sand 4omethy icyclo- 
hexanones when the reactions were performed in the absence 


or presence of added LiF (1 equiv.). 


Preparation of Lithium Dimesitylborohydride 


Bisdimethoxyethane. 5°" 


A mixture of dimesitylborane (22.0 g, 88 mmole) and 
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lithium hydride (0.698 g, 88 mmole) in DME (270 ml) was 
refluxed for 2 hours. After the resulting solution was 
decanted through glass wool to remove unreacted lithium 
hydride, it was concentrated to cdi 18.0 aja gine mMeposi ted 
crystals were separated from the mother liquor by decan- 
tation, washed with dry pentane, and dried under reduced 
pressure (0.5 mm Hg) at room temperature (12 hr). The 
erystalisni@33 o41 oF She) wmmelted atelb29,t- ch31 2G imsarysealed 
ube ye had (nw jo} )p79218 0 jon2.2.0.0jand 922.80 (v.s.); (CHC1z) ZaZ O's 
(benzene) 2100; (THF) 2180 cmt (-BH);, mass spectrum: 
m/e e250 (R5BH) and 90 eGDME), mo 3cimpealkah And lin Caled. 
for CogHy,04BLi: C, 71.24; Herold th2 > weed. 47% MW 3438, 
Bounds wGae/) AsbasH 62938839 2 aoa ae MW 2 a ben geme )iina215 
(chloroform). Nmr (CDC1., 1:0 0,eMHz:) 4 1630.56 0 86S; 4, gAcH):; 
Ss4Oe(S > 8, ~(CH2),-), 3.29 (s, 12, -OCHz), 2.24 (s, 12; 


-CHz at C, and Co) and $2319 ws neoy 5Gliz ga BEC: 


The Reduction of Ketones with Lithium Dimesitylborohydride 


Bisdimethoxyethane. 


The following procedure is representative. A dry 100 
ml three meck round bottom flask kept under nitrogen was 
charged with 3.3 g (13 mmole) of dimesitylborane, 0.103 g 
(13 mmole) of lithium hydride, and 50 ml of dry DME. The 


mixture was refluxed (30 min.) until a homogeneous solution 


<i pane Ags 


tts sell 7 | . bP » 
rec ; sei i ees at ae | 


dings oa 7 
a 7 a 


~nedeb P zoupit faHaom Say wn a anew - 
2 , 


booubar tahny bein bag piece 
oft . (at SL) sx/ieteqnet met JB (git me 2.0) emweearg 
bofese snr D°LeD - BSf te hortom (8X8 ._ b.22) einseyra 7 
{WSLS {,fDND) C.z-w) ONSS bas GOSS ,O8TS vf Logua): wt edua | 
imurtsene Zann 7648) Poa OSES (INT) .:00F8, (oasemads ; 
-botad ,lgnk -deog 22+ oe ,(3M0) oa bas (Hag A) ozs :o\m “n 
BER WH NES a pMELOL AH GSS.1N .9) cba yp Ogg gga got i 


fs ., (eaeined) Ifh WM yde.S <4 788.0 gM (LS. IT \2 sbauot : 


- 

PCA.) 2) 00,0 2 2 (2 004 421909) amd. ~{mreterofds) *4 
oS 2) PES VND SL. ye) OSE (og (ghO)> cf Geyedbae 7 
{pd te i> <9 2) QS bite (59 be gD dm) gle | 


O01 yrb A ,aviterynozetqeT ef siuhez01q aniwollo? edt 
2ev aegsortirn rebau tqsd. desl? metted bauer trem ostd? Im 
g f0L.0 ,susrediyricsmth to (oform 41) g tt. deiw Bogzeda 


edT .AMU yth to im 02 bos ,abivhyd mutdrél do (slomm £1) : 
notyulo2 evosisgonod w Cerny (.atm Ye) buxolter | : : 


iE 


Wassobtained.) Tor thesmixtures at. 0°C, waseadded 10 mmole 
of 3-methylcyclohexanone Ine DMEM 0 mij =The reactson mix 
LULeywas stirred for 3 hours, then treated. ate. Geewitnh 

oo NaOHesodution (15¥ml) andy 30% H50, solution (5 mig; 
followed by warming to 40 - 50°C for one hour. The yield 
Omthemalcohols wasedetermined’ (ele ,ecolumnpiacteslsGy) to 
bewQ0# Swecisvand, 0854 transl 3-methyleyclokexanoells, 

Isolation of the product alcohol can be performed as 
descrabed!prevaousiy, employangsascolumnt otesi iican cele OAs 
anja ternataverasolation? procedure, (thes following asedes- 
Cribed@ “Instead Ots Creatangmthe jrudesg borohnydridcarcauc— 
tion; mixturehwith;baseland peroxides; waterail5eml), alone 
can be used. After extraction, drying(Na,S0,), and evapo- 
ration Otechemsolvent., thes product alconol@cany be distalled 
darectly SaUcine sthissprocedure @themreducts onpotepemetiivads 
cyclohexanone gave an 82% isolated yield of trans-3-methyl- 
Gyolohexanone, app a/ ee a/ 1 7G/ lenin. eet hem us tasleia ts Onine Sane 
due was crystalline dimesitylborinic acid (982)))) mp i411 — 
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TAZ Oe. 
Results for the reductions of the other ketones are 
given in lable X. In all Cases, ‘the reductions were 


complete with no residual ketones detected. 
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Preparation of Lithium Dimesitylborohydride free of 


Dimethoxyethane. 


A sample (3.9 g) of lithium dimesitylborohydride 
bis(dimethoxyethane) was placed in vacuo (0.08 mm Hg) at 
PoUsCeLonso@hraethenmat 155 Gororeloouhrwe 1 ne strapped 
liquid was identified as DME by comparison of the ir spec- 
trum wHthethat oredr dutientic sampicn |! menwitte powder 
obtained (2 92 "0 ,"967') "in “this maliner exhibited. (amp 268 - 
270 Get(sea ved stube):-ir (nurol): 2140 aie (Bod, (CuUGI): 


2140 en 


(B-H); mass spectrum: m/c.) 250 (R> BH) noe258 
258 (M’) peak: nmr (THF-dg, 100 MHz): 6 6.48 (s, 4, ArH), 
peed see CH at G> sand Gpjeands 2122 (s, 80, Chee at Cy). 
Ano ieeaeCOmelon iy etl 7 bint =] a. Gy 7 o tag ep mel tem mroe sy mel meen. 
MWe 259.8 Poundteert. #8346; H, 95.09; 58.55.9035 eMW a(chioroform) 
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